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NOTE ON THE USE OF THESE GUIDELINES

Theplanning~presentediathisreportare~Iulestobefollowedineverydetail.
Their purpose is to guide the development of supplementation plans by stimulating the
manager to think about the structure and function of the ecosystem to be manipulated through
artilicial propagation. Hopefblly  this will suggest new approaches and strategies and increase
the probability of success. Managers axe encored to adapt the forms and procedures
presented here to the specific conditions of their stream/stock system. In addition to these
guidelines, Chapter C of the Integrated System Plan (ISP) (CBPWA 1991) also provides
helpful information for managers planning a supplementation project.

The process described in this report was developed to be consistent with the Northwest
Power Planning Council’s policy of adaptive management. All the detailed information called
for in the guidehnes does not need to be in hand before a project is implemented. The
manager should do the best he/she can with the existing information. Through carefully
designed monitoring and evaluatioq the Formation gaps will be filled in and the
uncertainties resolved. While adaptive management allows projects to be implemented with
information gaps and uncertainty, it also means that planning and evaluation are not a one
time activity. Planning becomes an iterative process. New information is used to update the
plan until the uncertainties are resolved.

As new information is gained through the implementation and evaluation of supplementation,
these guidelines and those contained in the ISP are expected to change.
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vA?QN IN THE COLUMBIA BASilW
PARTIII;

PLANMNGGUID-

INTRODUCTION

Thepurposeofthisprogressrepartistodescribeasetofg~~tobeusedby~~
to design supplementation projects, and by reviewers to evaluate supplementation proposals.
Topics included in this document are: a brief review of supplementation in the Columbia
Basin, planning guidelines comprised of eight specific steps, a discussion of risk analysis,
and guidelines for the design of monitoring and evaluation: Since this is a progmss report,
the ideas herein will be subject to revision, particularly +hen supplementation research and
experknce produces new information.

This is the third in a series of four summary reports. Our goal is to make findings from the
Regional Assessment of Supplementation Project ‘(RASP) m&u ac&&siile%y grouping relatud
topics into brief reports on important aspects of supplementation. RASP is p&%&g or has. .already published the following reports under the general title 

Bg& Part I, Background, Description, Performance Measures, Uncertainty
and Theory (completed); Part II, Theoretical Framework and Models (in preparation); Part
III, Planning Guidelines; and Part IV, Regional Coordination of Research and Monitoring.

Supplementation is a major element of the program to increase salmon and steelhead
production in the Columbia Ba&. The Fish and WmPrdgmn ofrjhe’*orthwest  I%werplanning cod wm uses w.~w:.*.& tie (&#.. dd Ma
in the Coltimbia Basin: 1) impmve rrsh,~~, ~~~ ~~ ~~ lirainsttlil; ,and
3) improve ha&& management to support the &bu&ling%!%h  runs’(NPW 1987). The fish
production segment calls for a three-part’+prq#&  ~D@l+duct&m~ ha$ery prodtWiori
and supplementation. The ISP (CBF’WA  &@ %iil@&&  tI@ t?k fi& ma&gem&t aged&es
and tribes expect supplement&on to pro&e over half of&&$&lproduction increases
(Table 1). 1 7I.
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Table 1. Percent of total production incmses  attributable to suppmon  in
the ISP.  Corn- from System E%mnhg  Model outpue  (Duane
Ande!rso~ NPPC,  persollalc-tlon).

LATE COHO

EARLY COHO

FALL CHINOOK

SPRING CHINOOK

SUMMER CHINOOK 66.0% 38.496

SUMMER STEELiiEAD A

SUMMER STEELHEAD 6

WINTER STEELHWD :: -

RASP slmmary Report-Part  ILx.hlgIut 17,1992&age  2



RASP addreW four principal objectives:

l provide an overview of ongoing and planned supplementation activities and
identifj critical undtics a!kwcbd with Supplementation

0 provide guideEnes for the development of supplementation projects

0 develop a plan for regional coordination of research and monitoring.

RASP has further divided the four broad objectives into technical topics:

l

0

l

l

0

0

l

0

defmilion of supplqentation

description dfthe diversity of supp~ementaticjii  pjects:

objectivea and performan&,st&Iards

identification of uncertainties

supplemeiftaton theory

developmentofaconceptualmode4ofsqpkmented~ .’

developme& of a spreadsheet &del of risks yd benefits of.+up&mer!~n
\

classification of stocks, streams, ad suppleme&ation strategies rL,. .

regionat design,of supplementation evaluation and, monitoring .:

gvidUb9 for plan&g su@leuk+ationproject3

appliwion of the spkadshect model to &pplemeMation pklning.

experimental design and decision ma&g with uxx~ainty.



progresSineachtopicareahasbeenpresentedinregular~repqrtswhi$h.~.a~
from the Bonneville Power Administration.

‘.. * (* ;
,

BACKGROUND

This section detMe4  t3upplementatioll andgiveq An overview of uncelt&ties; to
supplementation, theoreticalcorMera&ns,  aud relevant policks and statutes.~

Defdon

RASP’s working definition of supplementation is: Supplementation is the use of artificial
propagation in; an attempt to maintdn or increase nahuul pm&don while 1
maintaining the long term fitness of the target population, and keeping the ecological
and genetic impacts on nontarget popukations within specijkd biological limits.I i ,
The purpose of supplementation is to increase or maintain m production’ and that
objective must be achieved without a loss of long term’ fitness in the target population.
Each supplementation project must hold the genetic and ecological impacts on
nontarget populations to specifkd limits.‘Supplementa’tijdii’i$‘~:iearly  a departure from
conventional hatchery programs and it reflects, a changing management, paradigm (for
a historical perspective on the change see Part1 of this series).

Supplementation presents managers with a new challenge: to integrate natural and
artificial production systems in the Columbia Basin in a way. t&&yields sustainable
increases in total and natural production. This will call for new ideas in the physical
design and operation of hatcher&as  well as a better toehriicakmdersta&ding  of
genetics, behavior, competition and predation - fields that were not strongly
emphasized in the domain of artificial’ propa@ion until recently. ~” ‘i(

SuppkmentatiodJncertain~ <, ‘,; cf.. ‘.

Supplementation as defined above is a nascent management str&.egyt@!BFWA  1991).
Sina we have only fidd ma”8gemenf  eqyiyw .aRd qxqw4.~+
supplementation must be implemented with substitial uncertainty. An i@ortant
purpose of planning is to identify .and manage the q&&l uncer$&$& T those.
uncertainties for which the choice of assumption in the supplementation plan can
determine success or failure of the project. .

’ Natural pnxiuction - pnx&tion resulting from naturally produced progeny that have spent their
entire life in their natural habitat.

RASP Simnuwy Report-Pan III/hgw 17. 1992@age 4 ,1. ., T, ,&,. *.:.,



Supplementation uncertainties are a product of three factors: 1) ecological factors that
.determine productivity in the stream ecosystem, or our perception of them, 2)
supplementation strategies, and 3) objectives of the project. The presence of
uncertainty automatically presents the manager with risk - risk of faiIure,  risk of
unintended impacts (genetic or ecological), and risk of future surprise outcomes.
Uncertainty and risk are inseparable elements in fisheries programs. Where you find
one you will always find the other (Figure 1).

Risk can be estimated and assessed through models that substitute assumptions for the
critical uncertainties or by listing the uncertainties and reviewing the relevant
literature. The critical uncertainties must be “managed” to reduc&or  contain the risks
of project failure. One step to reduce risk to acceptable levels is to monitor the
appropriate parameters in a way that gives early warning of a problem. RASP calls
this “risk containment monitoring.” Research carried out within an adaptive
management framework is an additional way to manage uncertainties and reduce risk.
(For a detailed discussion of uncertainties see Part I of this series of m$-- .”

Supplementation Theory

The expectation that we can increase natural production by adding artificially
propagated fish to natural habitats is based on our understanding of the arti&% a&.=&
natural production systems. Realizing the expected increases in production depends -ori‘ .
how well the artificial and natural systems are integrated. Supplementation theory is
an attempt to generalize our understanding of natural and artificial production and to
establish guidelines for integrating the two.

Supphpn~m theory ,px@.  on #pie .cmqpts: 1). e - eyh sW8tock;
system has a capacity to produce salmon and steelhead determined by the’interaction
of abiotic and biotic factors operating throughthe stock’s life history, 2) performance
- performance  of a stream/stock is that part of the capacity reahzed in any given time
interval, and 3) stock-~ - there is a relationship between the quality
and quantity of a spawning population and recruitment of the adult progeny. The
elements of a supplementation theory are discussed in more detail in Parts I and II of
this series.

For planning purposes, the concepts of capacity and performance and stock-
recruitment models are embedded in a broader “clinical” model of the target stream
and stock. The basic elements of the “clinical” model are: template - the healthy
stream/stock system, patient - the current condition of the stream/stock system in need
of restoration, diagnosis - the comparison of template and patient that leads to



: .,

Condition of S@& and Stream

SupplemeMation Strategies

Production Targets

Mkesblvable j

: ” ,‘. . ..:. _’
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identification of limiting factors, and tmtment 4 the s+cific  strategies to remove or
circumvent the limiting factors.

Policies and Statutes

In addition to the guidelines given in this report, the manager  planning a
supplementation project must take into account appropriate state, &&ral and tribal
policies and statutes and the policy guiddin&i  $I the Council’s Fish and Wildlife Plan
(NPPC 1987). For example, see Oregon’s l%tu&Production  and Wild Fish
Management Rules (Oregon Administrative Rules 635-07-501 through 529 and 635
07-800 through 815) and Idaho’s Anadromous Fishery Management Plan (Idaho
Department of Fish and Game 1991). An Environmental Impact Statement under the
National Environmental Policy Act of 1971 might be required for supplementation
projects.

A manager planning a supplementation project should coordinate his/her proposed
activities with other management activities in the subbas$n an&in proximate subbasins.

PLANNJNGGUIDELEUJ$S

Detailed planning guidelines recommended by RASP are presented in this section.

Rationale and Approach

The plannir$ guidelines are comprised of 9 steps (Figure 2) which are described
within the context of a clinical model. In the first step goals are established,. steps 2 to

.4 are fact-&d&g  and desciiptive;  steps. 6 and 7 involve, analysis of risks and benefits,
and in steps 8 and 9 an evaluation is conducted me steps are:

1: Identify Management Objectives. The objectives describe the desired future
condition of the stream/stock system (exp&ed benefits).

2: Describe Template. The template describes.the healthy stream@ock  system.

3. Describe Patient. The patient describes the current condition of the
stream/stock systeti.

4. Make Diagnosis. The diagnosis identifies limiting factors that prevent the
patient from reaching the objective;
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Evahutealtenutivetreatments
‘and,ri&sinll~~madd0 n1L

1  ’

,/

I,:. ~
,,: ,. ;:,
,. 5 ., ( ,I ~ 1i ,.

Figure 2, A Sequence of Planning Steps for Supplementation Phjeds, “” ’
/.



5.

6.

7.

8.

9.

Revise Objective. At this point the original objective should be reviewed and
revisedif~te.

Recommend Treatment. The treatment desc&s the supplementation
strategies expected to realize the be&fits set forth in the objective.

Risk Analysis. Risk analysis describes the uncertainties associa@d with the
recommended treatments.

Design and Implement Monitoring and Evaluations  Monitoring and evaluation
(M&B) presents general guidelines for the design of M&E.

Evaluate Results. The results are evaluated as the project plan is implemented
andtheplanisrevisedasneeded.

Chapter C of the ISP (CBPWA 1991) discusses several topics relevant to .
supplementation planning. Those topics are in general agreement with the RASP
guidelines. However, the ISP gives greater emphasis to implementation (description of
supplementation technology and tregmmtguidelines).Inanotherreportthat
emphasized genetic conxzvation, Kapuscinski et al. (1991) listed five steps in the.
development of a supplementation plan:

1. State the goal of the proposed supplementation.

2. Define the current status of the pop&tions targeted for supplementation and
those that are inadvmy aftaed. 1

.
3. Determine the fkasibility  of improving the status of the tar@e&pop&tioq

while not negatively impacting aclja- .:&co@&&@~:
imposed by passage around dams, habitat loss, and’fishery harvest (Riggs 1990,
appendix VII).

4. Identify options available for each step in pqagation.
j .-

5 .  Evaluattge~ticrisksassociatedwithetckoptioa~a~vens~in
propagatioq  based on an undem of gem&c processes inv01v8d.~

These steps are also in general agreement with the eight steps in the RASP planning
guidelines.



,

Supplementation is the attempt to increase natural production in a st@z#m/stock~system
whose performance is consistently below capacity and where the ecological processes
that determine the yield of salmon are still largely functioning or are repairable.
Supplementation might be used to increase natural production in a system where a.
production bottleneck created by a natural or a -made dist&ance has been
removed. In that case, the natural rate of recovery is accelerated through the use of
appropriate supplementation strategies. Depressed natural prod&on ~&ght  be
increased through supplementation if a major cause of the decline is an artificial
source of density-independent or depensatory mortality (mainstem passage, for
example). In addition, a population depleted by over-West might be unable to
recover naturally even if harvest is reduced;if  the PopulaGon  has been.@rced ,into a
stable equilibrium at a lower density. This condition might result from competition or
predation following a shift in species dominance brought on by the original depletion.
Peterman (1977) described the theoretical basis for multiplestability regions insalmon
production functions. Supplementation might be needed to build up numbers of the
target population so it can “break out” of the lower.stability region and reestablish a
higher stable equilibrium. The restoration of extirpated .stocks is another purpose of
supplementation. . ;:

r :/,
Successfbl ecological restoration is the acid teat of our understanding: of how. the . . :

.’

elements of an ecosystem function (Bradshaw 1990). Restoration, m&sur@ asan-..:
increase in natural production and accomplished through&e use of supplementqti&Qs
a test of our understanding of the relationships among the life history of the target
stock, its habitat, and artificial propagation. T@is understand@ is developed agd ._
demonstrated through the completion of steps 2 - 6 in the planning process (template,
patient, diagnosis, revise objectives, and; nt). The. -Pm by
RASP ask the manager planning a supplementation projec&to&%t lookhck id time at
the stream/stock system before degradation occurred and then to describe how the
original system funct&ed.  This is step because it focuses attentim on’
ecologicat  relationships early ‘in the &llxq#N, ..Y-‘-.,

.)
When using supplementation as a management tool, the manager sho&d:avoid the
traditional approach of focusing exclusively on production numbers -
feed programming, release targets, and contribution goals, ,A focus ,on
numbers while ignoring the restoration of habitat
important ecological relationships wiW.not yield sus
attempt to set things straight rather thanp~~~e what we ti &&u&e& (%ijenhoek
1989). Accordingly, RASP has emphasized the relationship between habitat and life
histories and the comparative analysis of the hi&or& and current status of those ,
relationships.

&isP &MUlQf h”Tt-ht? ~l/AU@lS’t 17, 1992/pogr  10



Stocks, as defined by Ricker(l972);  arc the b&c management units upon which the
conservation of the species depends (Rich 1938). It is the diversity contained v&&in
and between stoclm that must be conserved if the fisheries arc to be managed
sustainably in the face of natural and manmade changes in:&$:env&nment,  ‘1wh&a
defining the boundaries around stocks the manager must take into account the tradeoff
betwaenthe~k,ofa~ofdtvcrsitywithinaadbetweanstodp--~typts2~3
gene&sit&a of &sack (1990); Drawing a widegeographic circle around a stock
could,preci#ate m&nagement  aotivities  that reducesbetwee~stockdiversity  if the
circle in&ertently  in&led Ihorc that one d%inct&ocl~  CorwexWly; a small circle
might exclude:a legitimate part of a stock and contribute ,to loss of within-stock
&versity; L

The planning guidelines prcsuppose that the physical boundary of thetarget population
has been &fined and its genetic char$t&rization completed, The process of setting
stock boundaries is currently the subject of a debate, however, it is a debate that ..
cannot be resolved with our present level of knowledge. The type of stock designation
(broad of narrow) effects treatment options, riskassessmentand risk meme& in a
supplementation project. For exampleqa: narrow stook desip&on manag&s risk by
restricting treatment strategies. A br&&stock designation allows greater
dmagementfl~ility,  but it requires extensive m&Wring and evahWion  to manage
ri’sk&~. > .*.. .-.

&&b&h sUppleme--  &p&a&& 4 * .:.a~,  : .,
*. k ‘ _. .:c ‘.S.-j f’<:“- .,. . ,‘

This section describes-steps 1 - 6 of the recommemled planning proce&ind@ail: :.
These steps help-establish expec&Gons for supp&ne&&~~W lead to developmentof
a  p r o p o s e d  app&achf&the supplementati&p@ect. .  .’ i I ..

.I. ..,.?,Z’.. .mctlves t&g&
“ :

Every major subbasin in the Co@ubia~&has  at& ge~~ob&cti.ves~ .  .
contain& in strdtewid& managenvkrrt I$irrs,r(* g&@&&p &&$&s-~, . i ‘izi;i
Management Plans and Idaho’s&w FisBciy*~~&&p~&  a&g&& :,,
management objectives farspecific fowxlin.subbasin#anning .
documents, hatcher$$met&rplans, , ,&fg& a &&&! ,:z-.
planning document% l+hqaed~esniipktb,
regulations, zltoang2mr --on
environmental impact statements, and pqosixl ~~atequality  and la&l use rcguWio&



since all of these sources shape management objeWes; they should be l?%%WedsandP
incorporated into the-initiat  descx5ption ofobjectives. ., ’ BL;I fin,.: !

I Xv% .‘.” ., $1 4 k .,.PesS

The template analysi
an evaluation of life

The template andysis maks ,use of.hi
within the stream/stock to be supplemented, and, when necessary, it uses i&qnces::~S
drawn from the literature on stocks outside the target subbasin. These guidelines, and
the template~analys& in particular,  are based on the prqise that the UiqmorGous  i ‘.Y’-:
interaction between iife history ti habitat is an @ortar& de&rmimmt-of,n&ural~~ :.
production. I. .,i a

_
The template should not beconfused wi& thoobjective:The template des& the:. +:
historical performance of&e &e&m/stock system and the objective &c&oa &&&rt
of the template that management activities wiIl ‘Utempt to restore. In fe~icqs &&w..:
template and objective will be the same, in very few cases the objecti&8.Qhi@~cos&
the template, although in most cases the objective will represent a part of the origim&
performance.

The template analysis attempts to describe three elements important to the We.Mstojl
habitat relationship of the target stock geography, time, and biology.
life history invokes important biologicaMuztio& such as
hding, and e&aping pre&&rs whiclh aro.car&&~t  in~a..serSes~
SeaSOd)’ COMeCted #C4X4 (ThOmpsQmr  ~~s)i&?hXc3 e S&tI’d:
to the template analysis.

-_. ,.. -,, I _.” i - _ ._ f* ,a i
Figures 3,4 and 5 show a schematic re&sentation of the life h&or&h&&t

*

relation&@ in .a .stream/&ock  system ~f~~supplementasion.  The f&&es qre __
intended to tiustratet&e
population i%om 8 m&&C!
history is w by @xgues.and
the habit&s and life histories
two life history patterns and
h i s tory*  show 4iimgshed.p ~‘4);;fa:g&
the 6bjkctives  ofthe supplementation project are torestoretwo life history patterns i, ,+
and their associated habitats (Figure 5).

RASP sv Report-Part III/AngtKt 17. 1992i$aga 12



Lifeaistory Habitat

1 

I

II

m

I v

V

VI

1 + Smolts 55 uppertributaries(spawningandrearing)

1 + Smolts

- 55

UPP-~~(spawning)
Uppemhhn(rearing)

1 + Smelts ‘Upper Mainstem (spawning and rearing)

1 + Smolts

1 + Smelts

Lower tributari?  (spawning and rearing)

Lower tributaries, upper mainstem and upper tributaries
rearing). Sloughs and lower mainstem

0 age Smolts
Lower tributaxies,  upper mainstem, and upper tributaries
(spawning qd e&y rearing). Lower majnstem (summer
r a r i n g ) .

Fiie 3. Hypothetical life histories and their associated habitats for a
spring chinook population in a mid-Columbh subbasin.
The combined Iii!& histoiies  and hab’itai  c@$$ute the ‘&plate.~.T,  1
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Life History

I

II

0Iv

V

0VI

. . i

Habitat

I’ ILost Habitat
4 and Lif6 Histories

/.

. . :‘, :-
I ,I

Figure 4. The patient from Figure 3 showing & .curqnt condition of the
.’ life hist&i&‘a& habitat of a h+heticaf sp&g chinook

population. Rvo life histories and their associated habitats
have been lost. The remaining habitats and liti histories have
diminished productivity.



II

_

FM&it

Figure 5. The patient population from Figure 4 showiag the objectim &,a--:
redtoration @x&am which will einp&@ supplmnta3ioa-.
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Figures 3 - 5 were intentionally simplified to illustrate the concepts underlying the
template/patient analysis. The actual analysis is more complicated and is based on the
compilation of a substantial data base. RASP encourages the manager to adapt his/her
approach to the characteristi~~~of the specific stock/stream system to be sup&mented.
To assist the manager, RASP has prepared a set of tables which identify the-%& . .
history and habitat information needed to complete a patient/template analysis (see
Appendix A).

Pesmb the PW. .

In this step, the existing status of the stock and habitat to be supplemented is described
(Figure 4). The manager should refer to Appendix A for a description of the
information needed to complete the patient description.

-is cs&&&

The diagnosis is a comparison of the template and patient forthe purpose of
identifying the factors limiting natural production, se&ting the$ppropriate
management activity to correct or circumvent the limitation, and describing thz life
history-habitat relationships that management should attempt to rebuild or’ rep&,
The completed diagnosis should result in a clear problem statement - identification of
that which prevents attainment of an objective. If Tables A.1 - p.3 in Appendix A
were used to describe the template and patient, the questions in Table 2 will be useful
in completing the diagnosis. .

The questions in Table 2 are divided into three categories: those questions that
describe the stream ecosystem and its capacity, questions that describe the
performance (production) of the target population, and questions that describe the
limiting factors. Answers to the questions in Table 2 lead to ox$ of the fot$ _.-
conclusions listed at the bottom of the table. The four conclusions are described
below:

I.. I ,,.r
A recognition that there is not enough G#mmtkm  to describe the putient s@kient~ to
detem’ne appropriate enhancement measures and or management actions. (A)
Identification of the appropriate management action to increase natural production
requires a minimal understanding of the Life history - habitat relationship in the
stream/stock system. This is espcciaUy  true Where the. -lofl~iurtural~*. in :
hatchery produw (supplementation) b beinge9 -If &&. i,wtion on life
history, distribution and habitat quality is not available to complete the patient
description, the chances of selecting strategies that will yield long-term success are
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Table 2. Diagnosis Procedure. This series of questions is intended to help diagnose the target stream/stock.

CAPACITY/ECOSYSTEM DESCRIPTION

1) Can the template/p&tit  be described with
sufficient detail to identify the factor(s)
preventing the patient from achieving the
objective7 if yes, continue. if no see
Conclusion A.

2) Does the tempiato/patient comparison
suggest that current natural production is less
than historic? if no, sea Conclusion B. If yes,
continue.

3) a. Are the historic life history patterns
present in the patient population?

t;
b. Has the quality and quantity of abiotic
and biodc habitat been altered?

c. is the diierence between template and
patient due to fiihery management
activities?

d. is the difference between template and
patient due to factors outekle the basin such
as passage?

4) Dwcribe the facton above (3a-3d) that
contribute to the difference between template
and patient. Proceed to the next set of
questions.

PERFORMANCE OF THE
TARGET POPULATION

5) a) Is the habitat fully seeded at each life
history stage?

b) Are density, growth, survival, by life
stage in the patient comparable to other
populations reported in the literature?

c) Has the distribution of the target
population within the subbasin been
reduced7

d1 Can the adult stock production function
-be described?

e) Is the population controlled by density
independent or density dependent factors at
each life stage?

61 Do the answers to 5a-5e suggest the
potential to increase natural production? if no,
see conclusion 8. If yes, continue.

7) Do the answers to 5a-5e generally support
the target population size contained in the
objective? If no, see Conclusion C. if yes,
continue.

POPULATION LIMITING FACTORS

8) a. Has the timing of life history events
changed putting them out of synch with
flow and temperature patterns?

b. Have flow and temperature changed in a
way that is detrimental to the completion of
template life history patterns?

c. Are there biotic interactions limiting
production of the target population?

d. Are there full or partial migration blocks
(juvenile and adult) that were not present in
the template?

8. Can specific mortality factors be
identified such &S fineaediment in spawning
gravels or improperly screened diversions?

f. Would the planting of hatchery fish
create a bottleneck at a later life history
stage/habitat?

g. Have fecundity, sex ratio, or reproductive
success changed?

h. Are there genetic changes that might
account for the differences in template and
patient.

9) Are the limiting factors correctable? If yes,
see Conclusion D. If no, see Conclusion C.

CONCLUSIONS
A) implement field surveys and/or literature review to obtain the information.
B) There appears to be no problem for which attempts to increase natural production are s logical solution.
C) Revise objective and continue diagnosis.
D) implement appropriate management activities to achieve objective.



reduced. Under those circumstances, it may be prudent to delay supplementation until
the data can be obtained.

A recognition that there is no problem, i. e. the peeonnance of the system is at its
nutzualproduction  capacity.(B) The template and patient comparison might reveal
that the performance of the stream/stock is comparable to historic production and it is
not reasonable to assume additional capacity for natural production. In that case, any
increase in total production would have to come from a well-planned conventional
hatchery - a conventional hatchery that added to and did not replace natural
production.. Such a program must be designed to minimize risk to the natural
production system.

A recognition that the existing management objective needs revision.(C) The
template/patient analysis might show that the management expectations for the target
stream/stock are not consistent with its potential i.e., the target stock size in the
objective is too high or too low. Assuming the ‘manager has confidence in the analysis,
the objective should be changed and the diagnosis repeated.

A recommend&ion to implement spec@c management activities to circwnvent or
correct the limitation in natural production.@) The diagnosis might lead to the
conclusion that natural production can be increased through management action. The
management activities might include supplementation, habitat .improvement,  water
management, removal of barriers, harvest regulation, or some combination of the
above. The manager must explain how the factors limiting production will be
corrected by the chosen management activity. Supplementation is an appropriate
strategy if the objective includes increases in natural production and the constraints on
production can be circumvented through the use of artificial propagation.

The diagnosis should result in a clear problem statement and a recommendation for a
management action to overcome the problem and achieve the goal. If supplementation
is the management activity chosen, the objective will probably have to be revised.

. .se the Oblectsve  (Su

At this point in the development of the supplementation plan, the manager should
revisit the objective to determine if it is consistent with the template/patient analysis.
The objective should describe what part of the template prod&on can be reasonably
obtained through supplementation. In general, management objectives are limited to
numerical targets stated as the number of juveniles released from the hatchery and/or
the expected number of adults in the catch and.escapement.  Numerical targets are



importantmeasures of performance, however, RASP has identified addit%nal
.petiormancc standards that shouldbe incbiporated  into supplemen&@ion&jec&ves:

and&&&&
n identified as an appropriate  management

activity, the objective should be reviewed and these new performance standards
included.

The RASP detInition of supplementation im@ies that the manager has some c&c&ion
when setting the criteria fw post-release survival, ecol@cal interactions,. and
reproductive success.‘Tbe  definition also implies no dkretionwith  regard to the goal
of maintaining long-term fitness of the target stock ,

;
The follow& hypothetical scenario is discussed to illustrate setting quantitatiGc
objectives based on the four performance p#aiure~. Theexkkpleusescode&to~
indicate fishes with different parental life histories:

To is the progeny of wild parents,

T, is the progeny of one wild and one hatchery parent thatspawned naturally,

T2 is the progeny of hatchery patents, that spawned mUrally,
“., L

T3 is a hatchery produced fish.

While recognizing that it may We&y be impossible to monitor all the types
described above, the concept of fish types has considerable value in planning,
especially when using the RASP spreadsheet model as a planning tool. (See Part II in
this report series.)

Consider an upper basin, summer steelhead pop&ion which is essentially wild (has
never been supplemented) &-is currently depresead.  S&f& oftha c611ftifioBB: tbkt-’
caused the initial depression have been WninaU (e.g., a t&t@ry  d&n Brra,been
removed), and improvements in others (passage at mainstem dams) can be anticipated.
Spawning and rearing habitat in the subbasini&*xcellent in quality and currently is
utilized primarily by a large population of rainbow trout which supports a fishery of .
some intensity.

,
Ing~~,abundance~~~,~t~fspr~thpos~:~~kd  IS-
years in succession could result in critical depression or extinction. The managers’
fundamental objective is to use supplementation to incrtast the abun&ce of the
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population rapidly and substantially, and to preserve as match as possible of the native
gene pool. The w decide, based on the tempW@a&ent  ana@ais that-it ,&
realistic to double spawning tycqepent by the third generation of sGp@ementation:

They. also have set the constraint that this escapement will be maintained tith a. :
terminal fishery that harvests an average of 20% of the returns; TherefwTthey ha$e
set the objective that escapement to the a&basin-  should be 2.5 times the cummt
average. Secondarily, the managers would l&to re-establish  a tern&al sWhead
fishery, which has been closed for a number of years. The managers determine to
accomplish these general objectives by sustained  smolt supplementation u@izing local
broodstock. In this example, the project objectives would include:

:..POSt-d4XW SUMWd . Through modeling, it has been estimated that, given the number
of smolts that can be produced, the objective can only be accompWed if the post-
release survival (smolt -to-adult) of supplemented fish is at least 50% of the wild rate.
The survival target of 50% of the wild rate becomes a part .of the,project’s objective.

.PeDr~uc~ve  suc=a Model runs also indicate that targeted product& increases
cannot be maintained’unless egg-to-smolt survival of Tz and T, fish is, respectively, 80
and 90 percent of the wild rate:

s-q = .QS-,

,I I r

Equally~~,ostheb~ofmodclrunqistbe~ationd.thcpre-“:‘~:.
supplemented age distribution and mean fq in T, fishz;’ I .’

-b = Fecq

An additional management objective is that the “homing fidelity” of T3 fish be at least
90% ofthewildrate, andthatT~aodT,stcomeat~~aq~~~~towdBd,f.-.  -; .,((

Those three criteria also become part of the pro$cCs objective.
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. . . . The managem decide to accept a.5076 reduct&nin abundanoe
of rainbow trout by the third generation, if necessary. They ph to i.ntp&ment .’
acclimation and release strategies ,that might reduce this impact. The tradeofCb&we6n
residenttroutands~shouldbespe@edintheob~ve.  ,)-.. .: .:

. Direct measures of long-term fitness are difficult if not imposa&e.
to obtain from a naturally reproducing population of salmon. Obviously, long-t&n
fitness cannot be measured in the short term. However, measures of short-term
fitness can be used to e&imate  long-term fitness. A reduction N M+term m il.
might~meaaured~yasanu~~~changeinlitifristory~nr~-~
parameter such as migration or spawning timing, age structure, spank& distribution,
or juvenile rearing pathxns. Minimum viab
the effective population size are other tools
fitness. Additional evidence of a probable
from an analysis of biochemical genetic descriptors
measured over We. The specific parame&rs to be
specified in the objective before supplementation begins with
obtain reliable baseline estimates.

?”
1 1. ; ::: -

To reach. this step, the diagnosis should have indicated ~thatsuppleme&t%n alone or
in combiion with another management action-such as habitat i.is a
candidate strategy to n&ore or ixrease naWal in astrea&stock system.
In this step of the planning process, the and -evaluative
supplementation strategies. The operative w e. The RASP model,
which- was developed as a tool for managers planning suppltmerW~$EQtire  2)
achieves 3s full value if ti is used to cdmprrre the risks and benefits of le
alternative treatment stmtegies. . .  .

for wctioa, Kapuscinski  et al. (199 C
of the ISP (CBPWA 1991) discuss the-. selection of supple~ntation~
Reisenbichler.and McIntyrc(l986) givegGd@&es:for.Jntegrating  natural~hrtiflcial
production of salmonids. Those reports offer imp&ant -gu%ance for dev&pWent  of
alternative supplementation strategies. The %llM& di%ussion will draw heavily on
the advice they contain. I.

The development of alternative treatments must consider genetic risks, habitat
bottlenecks, natural life history patterns,. and -the physical constraints of the hatchery
facilities. Supplementation strategies are comprised of six basic elements: brood stock
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selection, mating protocols, escapement management, incubation and ,
,release variablea,  and project scale. In the discussion that f6llow&,
alternati&  agiproach  to each of these basic elements and, in ~0nmc.e~ B
priorities for the alternative treatments. In specii% situations the:~mmend& jl ..L ‘c,..
priorities might be altered because of unique qualities or conditions in a stream/stock
system. In those cases, the manager should justify the deviation from-the z. ’-.
given here. -

Br- When supplementation will increase natural pioduction  in a..
existing popdathnj &&best way to insure long4erm fitness in the target stockis to r
select brood fishthat are similar in genetic resources, life histoz$ and briginating .
environments (ecological simila&y). Each of the three simihuity factors is discussed
below:, ,: :.,

,. I
Genetic &Xmibu&. Analysis of the genetic stn&ure of the donor and targe&
population should be completed to determine if the stocks are @hylogenetic&y
similar. The manager should consult with a geneticist to obtGn help in*:% I ,..
determining genetic similarity. Distance from the target st&am maybe used ias
a surrogate for genetic similarity if the habitats in the donor and target stream
are similar. However, even streams that are close may support gene#icaUy . . .’
different stocks. For example, Wade (1986) reported reduced resistance to the
parasite &rat- shastu in the native stock the Nehalem River, Oregon..  ITI&
attributed the change in resistance to the planting of nome&ta& f%hl6k9rn~-the
nearby Trask stock. It’s important o avoid mixing ancestmlly. divergent .!.’ ’
populations even if they arein close proximity. .- * ::

.’ I, .:. t” ,..
Life Histmy Shihdty, Comparable life history patterns be$w&n  the do&&.  :
and pati& stock might reflect genetic&nilarity  .and also afford the best : ::
opportunity for the donor stock to adapt to the habitat ‘%nd e~&omnental :‘.s:  ;.
conditions in the target stream.

1~ ,, II f.!.

When selecting a brood source the target pop&ion should be the Grst priority;-.
however, the number of brood fish removed should not create genetic risks fm tli6
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donor stock @sack 1990 and Ryman and Laikre 1991). The second priority is a
neighboring population that has the greatest degree of sin&@ using the three criteria
discussefd above. The last p&&y is a hatchery stock that meets the similarity criteria.
If the target stock is facing extinction, a diErent set of criteria should be used (for a
discussion of those see Kapuscinski et al. (1991)). j)

If the priorities listed above have to be changed, the following overall cons&aims j
should guide the selection of a donor stock= m&main the gene& resources, life history
patterns, and self-sustainability of,the donor pop&w, the candidate stocks should be
evaluated against the three similarity factors; and-the ef%ctive  population size of the
hatchery population should be maximized.

.  After the choice of broodstock, mating is the .next most important
activity that influences the hatchery gene pool. When selecting mating strategies the
manager needs to consider lifb history and effective population &xe.

Life History.  All of the donor stock’s life histories should be represented in the
fish bred in the hatchery. To achieve this,goal the broodstock should reflect the
-following characteristics in the natural population: agestructure, time of
spawning, spawning location, migration timing and, where possible, juvenile
smolt migration.

Effective PopuWion  size. The effective population size of the fish bred in the
hatchery should be maxim&d (See Kapuscinski et al. (1991) for a discussion of
ways to maximize effective population size).

In addition, managers should review the seven spawning guidelines presented in the .
ISP (CBFWA 1991). .

 Once supplementation is underway:. the
how the broodstock will be selected f?om the m&of wild and hatchery Eah returning
tothetargetstream. Theproport&nofhatckery.andwildfiehinthe~-:”i
broodstock and in natural spawning areas might be reg@ed by agency po&ies (the
Oregon Wild Fish Policy, for example). En the absence of @cy guidelines, the
hatchery broodstock should be selected from returning adults according to the
following in priority order:

-:
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l breed only naturally-produced adults in the hatchery

l breedamixtureofhatcheryandwildadults

0 as a last priority, breed only hatchery fish.

Selecting the appqxiate  strategy will depend &a balance of genetic risks (Bttsack
1990) associated with the removal of naturally prod&d f&h from a smallpopulation
and the genetic effect brn repeated use of hatchery fish in the broodstock. A genetic
risk assessment should address uncertainty associated with each of the possible
strategies for using returning adults.

. .B Post-release survivGllay be heavily influencedby
the rearing methodologies and physical habitat of the hatchery. Survival is dependent
on fish health, and in general, the manager has to be concerned about two kinds of
fish health:

0 clinical health in the hatchery which is threatened by disease, poor
nutrition that leads to physiological anomalies, and stress from
crowding or chemical quality of the water

0 ecological health which is threatened by lack of predator
avoidance, inability to compete for f&d and sp&e, and release to
the stream at sizes, times and places that differ from the~a9rmal
life history patterns of the stock.

The itrst concern has received a lot of attention and there are generally accepted
procedures to ensure clinical health of a hatchery population. To maintain ecologicaI
health, the manager should attempt, to the extent possible, to incubate and rear the
juveniles in ways that reflect natural conditions. Ultimately natural conditions for _ ..
rearing shodd reduce random mortality while duplicating the naturaL&ective
mortality (Bowles and L&zinger 1991). Recent research in this area sWuld&d to the
development of natural rearing-practices. For the present, the manager should consult
Kapuscinsti  et al. (1991) for specific suggestions. ! :

.Re1-e Wira&ka The time, size, and place of release of hatchery-rearod  fish. can have
important eff;ects  on life history, posta&ase  survival and the genetic structure of the
stock. The first priority should be to mimic natural life history. Hatchery practices
that mimic natural life history have a better chance of achieving project objectives
(Reimers 1979), particularly in areas with existing natural production. Sixes, times
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and places of release consistent with n&urai  IifeMstory can be derived from the
template/patient analytis (Appendix A).

.lect Sc& The number of fish released into a stream may be governed bi policies
that limit the proportion of hatchery and natural fish on the spawning grounds (see
Oregon’s Wild Fish Policy and Bowles and L&zinger 1991). In the absence of
specific policies, the number of fish Mused into the target stream should not exceed
the natural stream’s capacity. The manager can derive some guidance on stocking
level, frequency and duration from a comparison of patient reaiing densities with
published densities (see Appendices A and C). Inthe absence of data on stocking
densities, start at a conservative scale and gradually work up to the final release
numbers based on monitoring itiormation.  The exception to this guideline is the target
stream/stock locked into a stable equilibrium at a density lower than historic ~CWUSC~  :
of predation or competition (gee Part I of this series).

. .Use we broo&gck  for m of dq&&&& Restoration of depleted
stocks of salmon and steelhead has become a regularly occu&ng challenge for Eshery
managers and it isliMy that the number of salmon and steelhead stocks in need of
restoration will &r-ease. Planning and i@lementation of restoration programs are
complicated, requiring knowledge and skills in mani areas and a wide array of tools *
and strategies. Captive brood is anunconventional approach to brood@&
management that hu been used in commercial @ua&&re  and has’had limited use in-
salmon&i restoration pro*& -_

Captive brood as used here refers to anadromous salmonids held in captivity through
all or most of their life cycle in order to build a mature broodstockfor  arlS5a.l
propagation. Captive broods may be reared entirely in &sh water orin a combinations
offreshaodsaltwaterinasequencethatIq2imi%sthenaturrd~inthose
environments. T~IZ fish may be held in eep$vity  l%om the egg through w adult br
wild juveniles may be captured  and held to niaturity. Captive brood has zx%ently been
applied to the recovery of the Red Fish Lake sockeye.

Captive brood techqol~gy has potential knefits and riska. Because the beM&
risks have not been evaluated through appropziat%&onitoring  a4 evaWka;:~v5
brood should be considered an experimemal approach and used with cauti~and only
in circumstances where there are noacce+ble al-es. I

w Once &e&ernative  supplemenMon stra@eshave-been &v&d,
the manager should evaluate the risks and benefits of each treatment. There ~NZ
several approaches to this analysis. RASP recommends that at least part of the ,.
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evaluation of risks and benefits be completed though the use of aUe-history  model
which was designed specifically to assist in evaluating .alternative supplement&on : I
strategies. Part II of this series should be consulted for a detailed description of the
model and its use.

RISK ANALYSIS .

This section describes the critical role of risk analysis in planning a supplementation
project (in the Background section) and the recommended process for accMnplishing  a
risk analysis and assessment.

Bac4Ff-d

Supplementation involves use of technology to increase natural production while
limiting negative impacts on important natural attributes of the target add n~~&rget
stocks. Identifying and making provision to manage the r&&s of those impacts are’ 1
important tasks in the planning of supplementation projects. Risk analysis is a formof
technology assessment. According to Brooks (19r73), ,+chnology  assessment should .).
attempt to reduce the gap in opposing values that oRen generatesconflict  regarding the
use of technology, determine the appropriate scale feu the applicationof  a t&bn&gy;.
and promote innovation and adaptation in a technolegy. A fourth piarixlisc is to prevent
surprise - failures or deviations from the expected results foUow@g -the applic&on of
a technology (Timmerman 1986).

.a\
The use of supplementation technology to restore or enhance natur&l  production in the
Columbia Basin is controversial. The controversy is fueled by tiergent valuers  held
by agencies and organizations that possess political in&ence-in the basi& Thos~~ T’
values con&d in part because of the un&rt&y surrounding the pOtential suac#w:ba,~
the potential negative side effects of supplementation, and beeausesupple&Mationis
associated in positive and negative ways with the paat perf~of  conveti  ‘.
hatcheries. The gap in values that fuels the controversy can be reduced through
knowledge. Some of the uncertainties can be &iuced through t$#aapricatiol of
existing knowledge while some will require new rtsearch. As new information and
understanding reduc5 the unc5W suwuading  ,wlemenw the iSsue8 and .
debate will become more focused on spec%c+estions and a smallernumber:of  less
divergent values should emerge (Brooks 1973). A risk analysis that results in a timely
and efficient reduction of uncert&nties and/or a.plan for maMging&ks -wvill help... .
reduce the conflict that currently surrounds the use of supplementation in the
Columbia Basin.
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When setting the scale of 8 supplementation p&$xX, themanager must tW into
account life histories and habitat quality, potential straying and introgression with non-
target populations, the ggMkally effkciive pcyulation size (Ryman and Laikre  1991),
and economic efficiency (CBFWA 199& The presence of-multiple stability regions
within a stock’s production functions would also influence project scale. The scale of a
supplementation project is an imporuW determinant of the nature and number of
critical uncertaintics  and therefore is an important consideration in risk analysis.

Technologies with successful histories ofken  &p into monocultures. Failure to ‘.
recognize changing environments or public attitudes may lead to homo#aous
technologies, which are less innovative and&ptive (Brooks 1973). B&use
supplementation attempts to integrate two production systems (nattir&and  artSSal) to
achieve a higher level of natural production, and because thert ‘are a number of
uncertainties associated with supplementation  innovation and adaptation are cssenti&
elements in the overall program. In addition, the CounciPs policy of adaptive
management requires flex@lity in the design and implementation of vnt
programs in the basin. However, large investments in fixed physical %ilitiWmay  be
an impediment to innovation and adaptation in supplementation. Risk analysis must
consider the design of fixed facilities and the’ flexibility of those facilities to “adapt” to
new information, ‘_

,

Surprise is defined as a major program failure or deviation from the expected and is
often the product of too much rehance on unexamined assumptions regarding&e use
of a technology. Although we should try to conduct management programs =a&:: lI
supporting research and monitoring in ways &at m;linrize surprise, it:L atso import&t
that we learn enough to act appropriately when surprise occurs.

_1
All of the purposes of technology assessment listed above are r&vant toiis&analysis
and management for supplementation. ThrOu@ut  this
the manager should keep in mind the overall purposes
conflict, set the project scale, promote adaptation, and prevent or respond effectively
to surprise.

Risk assessment is comprised of twotasks: . . ’
: :,.

0 . . . . .  Rislqqmay  be estimated by a qgalitative.;~”
of uncertainlies~  or through a quantitative  procedW that produces-
an estimate of the probability of success of the project. ’
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0
. .w If the managetr chides to complete the project

plan, after reviewing the probability of success or its reciproc&
.*I thc~of~~,hearshcmust~:a~~Eo.managc

the risk associated witi a project’s critical uncertaintieai
I .

. .~Bisks associated with a proposed supplementation project may b
described qualitatively by listing the critic&\mcertainties  and weighing theire-
based on experience and a review of the literature. Another approach is to incorporate
a subset of uncertainties into a model which. generates a numerical elltimatc‘of xi&
We have labelled these two ways of estimating risk Type 1 and Typa- 2, They are not
independent estimates. Type 1 risk assessment, which is based on a listing of critic&
uncertainties; must be completed for each project. Since a Type 2 risk asmment
requires the prior identification of critical uncertainties, it cannot be attempted until
after the Type 1 assessment has been compl&ed. . .

During pro&t planning, all uncertainties are initially’managedby making appropriate
assumptions. An uncertainty is critical if the choice af assumption will determine
success or fbihre of the project. Thexhoice of assumptions for minoruncertaint&
will have small effects on the prow outcome. For example, a project attempting to
restore an extirpated stock might list among its critical uncertainties the qua&$,
quality and distribution of spawning and rearing habitat, especially if it is known that
habitats have been degraded since extirpation of the native stock. Another critical ‘(
uncertainty miiht be the choice of donor stock, especially if the habitat and life
histories of the only available donor stock are not similar to those of the native stock
Minor uncertainties might include appropriate temperature regimes forincubation~and
rearing, feed programming, broodstock capture and holding methods, preventative
hygiene, pond density, and grading practices. Not all supplementation projects will
necessarily have critical  uncertainties associated with th?m. .It is con&&e that W
small scale projeC@ mai not iden- uitical uncertainties. Other projects may ident@
several critical uncxrtainties.

,( ’
The universe of uncertainties for a given project is the product of three factors: the b
condition of the stock and stream, or our perception of them; supplementation
strategies applied to the system; and management expectations or objectives expressed
as production targets (Figure 1). The combination of those factors will produce a
unique set of uncertainties for a given project although’ there will be some soor@;
among projects. RASP (in preparation) gives a hierarchial  description of potential
supplementation uncertainties and outlines approaches to-t&r identification. The
manager attempting to list uncertainties for a specific project should consult RASP (in
preparation).
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Type 1 risk is broadly defined as the sum of the critical uncertainties associated with a
project. The assessment of those risks is the qualitative weighing and cod@rimn of
the critical Uncertainties for alternative treatments including  the nd‘uctiou u&ma&e.
Critical uncertainties should be identified for all dimensions of the management
objective including long-term fitness, reproductive success, ecological interactions,
post-release survival, and the numerical production targets. Tables 3a - e are provided
as work sheets to aid in estimating Type 1 risk and in completion of the risk analysis
for each dimension of the objective. The worksheets call for a l&of_ critical
uncertainties (if there are any); their potential impact on the specific dimension of the
objective, i.e. numerical production targets, post-release survival, reproductive
success, ecological interactions and long-term fitness; the overall imm of the
project; the initial (planning) assumptions; and a description of hopw the uncertainty
(risk) will be ‘managed through monitoring and evaluation. Tables $a - e are a critical
part of the planning process. In effect, they summarize the outcome of all the previous
steps. 5.

The following suggestions should help the manager attempting to complete Tables 3a -
e: The treatment alternative should be descrii interms of &e six basic elements of
the’treatment listed on pages 22 - 25. Each critical uncertainty listed in the table
should include its minimum acceptable value. For example, a targc& vah~‘f~ post-
release sun&d will have been stated in the first section of Table $J, and the ability to
achieve that target might be a critical uncertainty. Assume, for exaprple, that the
target for post-release survival is 50% of the survival rate of the w#d fish, In the
example, at a post-release survival of $ss than 50% but greater tha& 10% f the project
will be continued with a diminished benefit/cost ratio, however, at$i post&lease 1
survival of less than 10% of the wild f&h, the project will be term&&&. The 10% ‘,
survival level is the minimum acceptable value for this example. &der. the column
Welled “Potential Impact on Specific  Dimension of the ,Objtctive,r) the; ra#ge of
observed valpx should be reported along with an estimate
impact. In the previous exa&ple, the *ge in post-release
should be repMed. In the example given above, the overall
termination if post-release survivals are below 10%. Where
assumption for each of the six basic elements of the treatme
each critical uncertainty.

,”
In a Type 2 risk assessment the mana&@ analyzes critical uncert#r#es  &rough,a

” .’

model and &rives a numerical estimate of the probability of suc&a# or @lWe bf a
supplementation project. This type of risk assessment will genera& focus ‘on a ‘sub&.
of the critical uncertainties which are associated with a particular aspect of
supplementation. For example, in the Treatment section above, we recommended that

.



Table 3a. Risk Analysis Numerical Targets Work Sheet

MANAGEMENT OBJECTIVE

Numerical Targets:
Treatment Alternative:

M&E

Table 3b. Risk Analysis Post R@ase.Swvi~al  Work Shmt

MANAGEMENT OBJECTIVE

Post Release Survival:
Treatment Alternative:

-.



.., . _, ._,- -... ._... .____._

Table 3c. Risk Analysis Reproductive Success Work Sheet

MANAGEMENT OBJECTIVE

Reproductive Success:
Treatment  Alternative:

crltlcd lJ!&g$ldm ovemll lmoact on Prde4ct

: Table 3d. Risk Analysis Ecological Interactions Work Sheet

MANAGEMENT OBJECTIVE i

Ecological interactive:
’ Treatment  Alternative:

Assumotions M&E

Pot- Snedfk Overall ~ on Prdect In&id Assumotkms M&E



Table 36. Risk Analysis Long Term Fitness Work Sheet

MANAGEMENT OBJECTIVE

Long Term Fitness:
Treatment Alternative:

-

overdl hnoect  oil Prdect hitid Assumotkns M&E



theRAsp~~Metorymodel~lrsedto~andevaluaterigla-~socioidd~~  :
specific suppbentaticm  ‘W. .l%e liiwacq model allows gle ws to
assess the beId& aad lws OfW~tiM-w we. Hitlm#?&fhGI~rn~ --
cannot evaluate~risk  ~IHO&W with alh&i~& m and ~~o~ofthe
objective.‘Ihe~modelCanalsobeuscdtorank~)nncertaiattw
according to their projected impact on production (see Part II in this report series).

Type.21isk assessment may also employleas complex modtls, For example, at each
lifk stage, ,we tight dgn numerical probM&s .of success conditioned by the
specXc supplementation treatment. The simple sum or product&.the  life stage
probabilities gives a single numerical estimate of the chance of success and the
reciprocal  is~an index of-risk .

,.
Type 2 fs8turan#nts  reduce risk to a numerical est.&ate which .is more convenient for
dechih makers thqn the Type 1;@tative,list.of  cr&ical.Wrrurtrtinties.  However, the
numerical estimates may give a false senseuf ~.:and wk the dynamics of
the components of risk. The numerical estimates of Type 2 risk have variances which
are a mea&e o&the riskasso&&d  with the&use. In someicases~-high  variances
might render the num&cal es&n& of risk no more us&&&an&e  qualitative
weighingofcriticaluncu6nties(Type1). 1: a;‘, ..*-: 3 i‘
The purpose  of risk assessment is to give the decision maker technical advice
regarding thqmhbaty of achi@ngthe laaiq@elltob~QJ*
supplementation. The mm:i&&$ atf &~~‘$Jfv
objective i.e;‘long-term  Fitch f the:~~stock~  qro&%@ 2. *:
interactions and post-release survival as well as the n&me&al &rge& for&h& returi@
(Tables 3a - e).

Risk assessment is tied to decision~~~~  S&o~i th&~Wa clear distinction
between the two. Risks associated with the use of technology such as supplementation
Canbc~&~~ghlUAobjbEtiyc,-~~.cLbd ;rof -!.::
alternative choba candcs&&gl  kh+gh a~&ySiS+.&~ia q6&#&fk t#fiffhfiop:::
making the final decision i.e., deciding how much risk to accept (Brooks 1973).
While the final decision has to include consideration of the scientific anal*:i&q&~P
also incorporate economic considerations, community values and political processes as
well. *_ j *... . ,_ ..:-

I_ !:!f;‘(. _,



. .  By d&&ion, &&al-&es canbri.ng&outWY~~
supplementation project. Since they de&m&e the‘sucGe+u&il~ of laprqject;  :@e .‘,
.risk associated with the criticaLuncertai&eamust ~~“manq@%redi;lpa their .
potential negative efhict and imn#are the ,prob&ty that the sqphWMb project..
will achieve its objective. Risk management  & a&xhplished  in tsrfae. *yxi -2~..:.:.  I:

0 Initially, the criticsl uncertainties listed in Tables 3a - e’i”
managed through-m assumptiqs The immu@ms  %hould
bebasedona~~w,~the~and~:~bes~~

:/ .&ja~viewbyqualifie&expel$s~  . ‘* .,
,.: .r .

a The risks associated with some uncertain&s can be lGit@cxved  or ..
reduced by research. A brief outline of the research design is
callPAfCjrinT~~3a-a.~olkxtstction~~~snd. j
Evaluation) gives more infbrmdoa on thwbignof~~ on ”
t& pJ+&&~p&&$&$J;  ..- ’ ,‘..:.

il.‘i . . . .’
0 ,~~~~~yn~.~~~~~h.,~~,~~~’

:. I- ~as~adwiththoscunctrtaintirssaremaMged~gh~
monitoring designed to contain bsk byegiving  ear&~w8ining,o&an
error in a assumption from Tables 3a - e.

. .‘i
The manager must show ho&each c&&xl uncertain~.:will  be ~&.&rough
research or monitoring. Inmany cases, resear&rrsllt  mo&xing costs e&be
m.iU.through cfmpcmb effbrk3  zunong~ p* through global,
design (mZpartIj7  of@& &3.: ” ” 1 _ ;: .’ ; ‘. )’ *; :i i

‘:1< __

MONITOJiU.l%G~,~W~U&~  ._: -i
.’ -:. .

T&is & &&bes &e purpose of moo&&g  &w&&on & &g&‘&&&i

to consider in~designing axxl implem@ng,a  m&ofingand tiuation programs
.* *.m ‘.”

Backgrow :
A‘

2 : ,f I, .‘;‘#-!f .*rri ,,_I . I.’ 1% w ’
<,/:.

The objectives of project-level monitoring’ and evaluation @I&& BIc to reduce br :‘. ; 1
:

remove the critical uncertainties identified in Tables 3a - e and thereby improve the
probability of a project’s success (risk management), to monitor population variables
that give warning of an error in planning assumptions (risk containment monitoring),
and to document the return on project investment (accountability). M&E is a pivotal



StepintheplaMing~aaditis~toallofthepnvviously~~nteps  :
(Figure 2) through the Council’s policy of adaptive. management (NPFC 1987);

Few stream/stock systems being pnoaoaed for 8uppkment&on~wUl  hatie.suiEcient
information to complete all the steps .described in the previous sections of this report;
particularly Tables A.1 - A.3 in Appendix A. However, under adaptive management,
all the steps need not be completed before implementation. We encourage nGnag&rs  to
address all the steps with existing information,  whether that information is qualitative
or quantitative. Adaptive went permits projec& to proceed to the
implementation stage with a &gree of caution commensumtcwiththenumberof’~
critical uncertainties (Tables 3a - e) and the degree of risk. For exampie; projects-
a large number of critical uncertainties~and  high risk may Utially be implemented
with temporary facilities and at a scale no larger &an that dictated by the neuds of the
M&E program.

MkEinanadaptivew context-pormits.the  manager to %rn by doing.?
Under adaptive management, planning form that contain critical uncert&ies
assumes a different role. The planning SQepr descr&ed in tpris report become an -
iterative process driven by tiormatiohwbtaiiaayl through M&E. Key elements in thi. .
process i.e., templa&/patient.aGlysis,  d&no&s, and risk ana&ysis  are v at: 3~~:
regular intends to incom the n&w it$Qti The objective of an itemtwc ‘1
planning process is to eventually reduce or eliminate the critical uncertainties. In t&
context, planning is not a one-time activity but it becomes an important part of the
M&E, at least until the uncertainties are resolved. The iterative planning.$rocessthen
is the basis for a regular project review.

Design Comihti .r G.
:

The generally accepted approach to scienti& investigations inch&&he aequen$.~:, 1
1. 1 :-

a -Devisealtemativehypo&ses ..:
i .,.: :I,

a Devise the experimti to-izxclude~~~  ormom hypothe&::

a Carry out the experiment, evaluate the results, and then recycle
theproaxture(Platt1964). ,: !:

The M&E plan far a supplementation pro&ctbegins with the templa&tientanaly$s
which leads to the list of critical uncertainties (Tables 3a - e). Where there is . .
sufficient information on the stream/stock system, the de&n of the M&B can begin.
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by the derivation of hypotheses from critical uncertainties. For stream/stock systems
with +ntfkient baseline Snmation, prebminarysurveys will have tobe complete&
Ward (1978) recommends field surveys to estimate the structure and function of the
system prior to the fwulation of hw and the design of env&unental  impact
studies. A failure to carry out the survey or a survey that merely catalogues  rather
than determines functional relationships o&n restricts the success of the M&E (Ward
1978). - .li

Ecological questions, particularly those dealing.with  salmon production  and 1L
productivity, are not easy to partition into mutually exclusive; ahemativehypo&e+s.
Factors that.determ& production  often have a large degree of interact&. When
independence is incorrectly assumed, hypothesis testing can leadto misleading ’
conclusions (Quinn and Dunham 1983).

,-, : 1
Conventional wisdom seems to suggest that experimental design is the formulation a
series of null and alternative hypothew along with ~~staU&aL~;..  While
the development of hypotheses is critical to the o~~&“&ntific+pproa&  tise.pw@se
of experimental design within that approach; which is offen overlooked, is to ident%+.
and remove irrelevant sources of variahUy  thereby increasing the power of thed&st,of
the null hypothesis (Cohen 1988). For. a discussion of experimental designin. fish&es
management including alternative design approaches, MS McAWt&  and Pe&rman.:; ;-s Ij
(1992).

, ’.,
StaM Power -I 7.. ”* ., ,T*

* . . . .:,
Conventional analysis of M&E information in fisheries attempts to reject a null
hypotheses which is usually stated as no effect. For example, a~nuUAypok&  &
supplementation might be: There is no di@erence in smelt-to-smolt survival between
naturally producedand&tpplemented+ahn&i. ,When a null hypothesisis r&&ted&e
significance level (a) of the test is also reported. When the data fail to reject the null
hypothesis, mauagers  often fail to report power of theteat (Peterman 1990) or the
probability that the test will lead to a rejection of the null hypothesis (Cohen 1988).
Thisfailwecanleadto erroneous condusions if the power of the Itest is ,iow and the
manager decides to accept the null hypothesis (Peterman 1990).

To illustrate the point above, consider this example: A manager is experimenting with
release timing and size to increase smolt-to-smolt survival of supplemented fish. The
objective is to imxease the survival of supplemented fish to equal the survival of
naturally produced fish. The data fails’to reject the nullhypothesis ‘and the manger
assumes the experiment was a success and survival of supplemented and natural Ssh is
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The importance of stat&&al .powex, lies m its ca$city to minimize the p~tentialiy. m rtsIjifg of--h &*coiiclusi&i IIlwpmq. *-*&htid
power into the experimentakdesigns kprkes the quality of experiments a&d”
demonstrates to decision makers the risks associated, ~241  decisions based on
experimental results. Some vaiiabb5s suchas survival and’adult abundance are.cJffic~
to measure with high levels of st&istic~~power.,  &WLibero.(1986)  concluded;$at the
best one kuld expect from @ikival  studies of hat&$&y ;It5ish is a coeffick&t  of ’
variation of 25%. itn most cases, over reasonable ex#kimental periods, that level of
variation would lead to low statistical power. Lichatowichand Cramer (1979) found
that studies of survival and abundance may require 201o30 years to produce an 80%
chance of deteding  a 50% change.

Power of an experiment can be improved by the choice of variables to be measured.
Although survival and akmd&ce of adult salmon ,and steelhead tie important
variables that measure the performance of supplementation, our inability to.n&Buk
them with reasonable statisticai  power suggests the-&d to search for alternatives
(Lichatowich and Cramer 1979). Appropriate pefiormance measures such as size and
timing of juvenile migration (Lkhatowich  and Cramer 1979) could-serve as surrogates
for survival and abundance @omeezperimentaWa@s.  Awte perf~rmanceb:
measures could give an early indication of the success of a supplementation strategy o$
indicate comctive  action long before the outcome in terms of returning adults can be
determined. “.

,
M&EdtSigil

To improve the probability of sueces# ef s@@ementation  projects, the riSlti&&ic&hd ”
with Atid unarIhintiejjaekis’tt)‘bze  by reasouable  assumptions followed by
research and/or monitoring, Ritz % de&r&&& @&rch or monitoeng  pqjc$s, the..iu--
critical w-ties should 5 sw;tr, a quaJitMyq  scoping process CTable 9 to- .
establish priorities and set gukkiines  for t@.,experimentsl  design.
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Table 4. Scopiiu process far critical suppJ~menta+ion  amawdks. :i ‘_,

nty to testable hypotheses or monitoring

Oppdrtunities
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Once the project has undergone prelimhuuy scoping, ,those projects that are identified
as high priority  and feasible will rtquite-sM.tign, Green~(lswg) #vesten
basksta&kalr&sfarthedesignofe~~:~~  e.

1.

2.

3.

4.

5.

6.

7.

8.

_I I ,)

Be able to state concisely to’-else what question you are asking.  Your
results will be only as coherent and as comprehensible as your initial conception
of the problem.

Take replicate samples within each combination of time, location, and lary other
controlled variable. DiBerences among can only be demonstrated by
comparison to differences within.

.
T~aneqUatn~of~o~yallocatedreglicate~for~
combination of co&o&d varkbles. Putting samples in repms&&ve or ,typical
placesisnotrandomsamphng* ”

To test whether a condition has an effect, co& samples both where the _/’ ”
condition is present and where the condition is absent but all else the same. An
effect can only be demonstrated by comparison with a control.

Carry out some preliminary sampling to provide a basis for evaluation of
sampling design and statistical analysis options. Those who skip this step
because they do not have enough time usually end up losing time.

Verify that your sampling device is sampling the population you think you are
sampling, with equal and adequate efficiency over the entire range of sampling
conditions to be encountered. Variation in efficiency of sampling from area to
area biases among-area comparisons.

If the area to be sampled has a large-scale environmental pattern, break the area
up into relatively homogenous subareas and allocate samples to each in
proportion to the size of the subarea. If it is an estimate of total abundance over
the area that is desired, make the allocation proportional to the number of
organisms in the subarea.

Verify that your sample unit size is appropriate to the size, densities, and
spatial distribution of the organisms you are sampling. Then estimate the
number of replicate samples required to obtain the precision you want.



9. Test your data to determine whether the error varia@n is homogenous,
n~ydistributed,andindepeadRntof;~mean.Ifitianot;.aJwiube~
case for most field data, th+k (a) approphtely transform. thedat& (b) We &
distribution-f& (nonparametric) procedure, (c) use an appropriate sequential
sampling design, or (d) test against simulated H, data.

10. Having chosen the best statistical method to test your hypothesis, stick with the
result. An unexpected or undesired result is not a valid reason for rejecting the
method and hunting for a better one.

These basic rules should be consulted in the design of supplementation projects as well
as their .supporting research projects. While thk? ten rules give a set 0s guide&& that
are generally applicable to environmental studies,,.the  individual project leader will
have to determine if, and how, they apply in eachqxcifk case. -A conscientious
review and application of the appropriate rules will improve the quality of
supplementation investigations.

‘.
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APPENDIX A

GUIDELINES FOR COMPLETING A TEMPLATE/PATIENT ANALYSIS

Tables A.1 - A.3 of Appendix A describe the three important life history stages of
spawning and incubation, rearing, and migration in terms of habitat, timing, survival
and demographics. Completing Tables A.k’- A.3 requires a significant level of
understanding of the relationships among the stock’s life histories, its habitat, and
production. Under the policy of ada#ive.  management, it is not necessary complete the
template/patient analysis to impi&pt .h project,, but the manager must supply what is
known in all the information  categories. In many &es the only information available
to the manager to complete the tables wiil be qualitative. Information gaps in Tables
A.1 - A.3 lead to uncertainties which are addressed in the risk analysis and project
monitoring and evaluation. As new information is obtained, the gaps are reduced and
uncertainties, risks and project methodology are mod&xi as appropriate. For those
projects that are implemented with a great deal of uncertainty, planning becomes an
iterative process.

A brief description of the information called for under each life history is given
below. Where appropriate, the manager should indicate whether limiting factors are
density-independent or density-dependent.

Spawning and Incubation

Tables A.la - A.lb require the information described in this section.
. .  is a designation given to a group of fish whose

spawning time or location, rearing habitat preference and/or migration
timing are similar within the group. There may be multiple life histories
within each stock. The tables should be expanded so that there is a line
for each life history.

&@t b describes age at smoltification: 0,1,2,or mixed.

&I&&& describes the area in the subbasin  or tributary where fish of a
specific life history type spawn.

. .B is either a physical measure of the habitat area or an
estimate of the percent of the total area available or suitable for
spawning.
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Table A.la. Template/patient analysis - spawning  and incubation.



Table A.1 b. Template/patient  analysis - spawning and incubation.
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Table A.2a. Template/patient analysis - spring/summer  rearing.
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Table  A.2h. cont’d.
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,k?

.  is an estimate of the biophysical condition of the; habitat
relative to survival or productivity. For spawning habitat, qu$ity might
be described in terms of gravel composition (96 ties) or the &bihty of ‘I
the streambed (frequency arid depth of scour).

gives the interval (dates) when spawning occurs and the peak
(Julian Week) of spawning activity.

.Surplpal gives the suwival from egg to fry. This,migbt be
extrapolated from the relationship  between survival and percent fines in
the gravel (Cederholm et al. 1980 and Hall and La& 1969). _: ~ .

i#j
.  can be estimated directly from survqs or

indirectly from counts at dams or diversions and redd counts’dju&d for
redd:fish ratio. Indicate if disease is a mortality factor. ;;;L

. l �w is an estimate of the effects of competitw or
predators on successful spawning and incubation.

& Sm is simply the age distribution of the spawning’ population.
‘G.~areselfexplanatory:-

m records summary comments and observations
regarding a single’life history type across all factors influenc@g  I
spawning success. Conclusions such as the; apparent limiting factor -can I
be entered here.

m JECCN&I  SUM comments and observatio$U across all
life history types for a given factor influencing spawning su+ess. *

Rearing

Tables A.2a - A.2b require the information describedbelow:
.

. *Life See description under ippawning and incubation, :

M. See explanation under spawning and incubation above.
.  See explanation under spawning and i*ation

a b o v e .



.~~irpaestim(rteofthc~~~~q~.oftbe-earing
habieatnlativeto$~~~,~?~~,mcgslresof
habitat quality might include:,  @w @‘to &fle ratio,. ten$yraturc, flows
(absolute  anfi seasonal patterns), streani structure, condition of the
x-iparbzone, winterrefll~, etc. -

m gives the interval (date@ when rearing occurs in * specific
section/area of the subbasin or tributary identified under @&tat.

M gives the rearing density of juveniles. Appee.9.  gives rearing
densities of juvenile chinook and steelhead reported in the literature for
comparative evdution.

zky give8 the size at. the end of the i+erval (sp*swmer or fd.W
.

. See deac&tion  thder s&wning  and incubation..

’ ,m de8cribe8 the retii*T&eexi flow patterns and
migration.

redescribes the normal timing of migration.



.S-V- describes impediments to migration (exe pt
mainstem passage problemS) and problenis causing mort&y luring
migration. For example, an impassiile dam or mortality at inlgation
diversions would be listed here.,-.

.a is an estimate of the effect of competitors or
predators on migration. For example, predation by squaw fish would be
described.

.

.w gives the effect of mainstem passage problems on
survival of smolt migrants.

og gives the ocean distribution of the.stock.
.  gives the points of fishing in-on of the

stock in the ocean, estuary and river.
. .  recbrds summary comments and observations

across all factors influencing migra*n success.

&ock Sm records summary comments and observations across all
life history types fbr a givencomponent of migration success.

As stated above, in very few if any cases, will the manager be able to complete the
template/patient analysis shown in Tables A.‘1 - A.3,. --At first, t&c &sk might appear
impossible and the-manager may be tempted to skip it altogether~  HWever, this is an
important step in the planning process and even a partiai  a&@&s will be worth the
effort. RASP recognizes that any attemptat historical reconstruction will include some
thoughtful speculation and will be subject to debate and criticism. In the absence of
hard information, ‘a review of the literature, tho$ghtM @%ula%io&‘ae8  debate are
important ingredients of successful pl-‘and the identi&ationof the best
supplementation strategies. Information that can be used to describe the template may
be obtained from the following:

0 . Inthe-ideal .
observations from

historical reports to complete the template analysis.

l
. .cal remrts from Approptite

information from nontarget streams/stocks c&be used in the
template analysis.
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0
. .  Thetemplatecanbeback

calculated from published reports whic~cbcribe  the lifi. histories
of the target or a similar nontarget stream/stock at a point between
the healthy condition and the current state of degradation.

0
.  In some cases, the description of

the patient will provide insight *Lip in completing part of the
template analysis.

To help the manager complete the template analysis, Appendix B summarizes selected
literature on salmon limb history/habitat relationships. Appendices C and D give the
reported ranges in rearing density ad smvival of chinook salmon and steelhead.
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Appendix B. Selected References on Life History.2

most success
pattqn  and its principal habitata.

Schluchter and Lichatowich
(1977)

Identified seven juvenile life histories. Related life history types to fresh Di8wsMd  rdativs importsnoo  of juvenile
water ostusrins habitat. Discunsd life history types in the addt population.

Carl snd Hoaley  (1984) Chinook sdmon,

British Columbia

Identified thros juvenile life histories.
Varlation in dlelic frequencies in the
three life historios  indicatsd  genetic
differenou. Also observed
morphologiod differsncen.

Suggested genetio adaption to entiy
sdt water rearing in ens lie history.

Wsuussed  ths implioation  of thlr work to
hat&q enharkcement.

three dirtinat  groups  by time, but
these were not treated as separate

Nichdar and Hsnkin (198SJ Di8cussd life history and habitat Discussed implicationa  of life history to
naturnl und artificid  produotion.

* Thir is not intended  to be s oomplrte  survey of th life history literature. These pspers will give managers helpful insights into life history and assist them in
preparing the templats/pakIt rMly*r.
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Appendix C. Survival of juvenile chinook and steelhead.
(From Smith et al. 1985)

SURVIVAL %

STEELHEAD

s Prrsmolts  released at 5OO/lb in 1973 and 398Ab in 1974.
b Preemoltr  released at an average length of 75 mm in 1970 and 56 mm in 1971.

63



. .

.L

.i

I_ ,, ‘(

64



Appendix D. Rearing densities in natural habitat for juvenile chinook and steelhead. (From
Smith, et al 1985)

.Juvenile Chinook Rew Density .Juvenileeannaty Densi

Fish/m2

0.93
0.54
0.70
0.13
0.11
0.08
0.34
0.44
0.34

0.12
0.04
0.08
0.022
0.017
0.70
0.03
0.037

0.10
0.05
0.80
0.69
2.65
7.32
0.03
0.08
0.61
0.77
0.36
0.87

a.68
0.23
0.14

state/
River

Agel-
Size

A$&.
Size

state/
Rhrer

&gg
Big Spring Cr.
Big Spring Cr.
lduni R.
Lshmi R.
Salmon R.
Clearwater R.
S.F. Clearwater R.
S.F. Clearwater R.
Lochsa R.

lNa*Knatoa
wind R .
Wenatchw R.
Entiat R.
Snow Cr.
Salmon Cr.
Snow Cr.
Snow Cr.
Gobar Cr.

Orwon
White R.
Warm Spring8 R.
John Day R.
T r o u t  C r .
Bakeown  Cr.
Buck Hollow Cr.
S.F. John Day R.
M.F. John Day R.
Chesnknur  Cr.
Umatilk R.
Msacham Cr.
Cmp Cr.

Manzanitr Cr.
Trinity R.
Godwoad  Cr.
N. Caspr Cr.

R&a
Big Quelicum R.
Carnation Cr.
Kaogh R.
Quinsam R.

Fish/m’ Season

&&g
Big Spring8 Cr.
Big Springs Cr.
Lrhmi R.
Lehmi R.
Salmon R.
Clearwater R.
S.F. Salmon R.
Lochsa R.

end of 8ummer
winter
and of summer
winter

2.08
1.40
1.29
0.61
0.26
0.25
0.06
0.032

end of summer
winter
end of summer
wintsr

Age 0
Age 0

August

Age 0
Age 0
Age 0
Age 1 +
Age 0 August

Washinaton
Wind R.
Wenatchee R.
Entiat R.
Kalama R.

Age 0
big8 0
Age 0
Smolt

0.09
0.08
0.06
0.073

Ags 0
Age 0
Age 0
Smolt
Smolt
W
Smolt
Smelt

Oreaon
Whita R.
Warm Spring8 R.
John Day R.
Fish Cr.
Warm Springs
(Shitiks Cr.)
Middle Fork
John Day
Silrtz &
Ne8tucoa R.

Ags 1 +
Age 0
AwO

Age 1 +
Age 0
Age 0

Early Sept.

0.08
0.05
0.19
0.01
0.05

0.05

0.72

Mid August
Late Jub
Late July
Early Sept.
Early Sept.
Lat. July
Early Aug.
Mid-Aug.
Mid-Aug.

&PO
Agel+
NJ w-
Al m 0.64 ~

I

&.
Cowichan R.
@g Quslicum R.
Keogh R.

Age 3 moe.
smelt
Smdt
smdt

0.021
0.006 (
0.016 1
0.02

‘I

Aga 3 mo8.
Age 3 mom.
smelt

0.18
0.30
0.027
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