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EXECUTIVE SUMMARY

Management measures to regulate harvest have grown increasingly complex over the past decade
in response to the needs for improved protection for some salmon runs and to alter harvest
sharing between fisheries. The development of management plans that adequately’address both
needs is an immensely complicated task, one that involves a multitude of stocks, each with its
own migration patterns and capacity to sustain exploitation. The fishing industry that relies on
these fish populations is also highly diverse. The management task is made especially difficult
because the stocks are often intermingled on the fishing grounds, creating highly mixed
aggregates of stocks and species on which the fisheries operate. This situation is the one
confronting harvest managers attempting to protect Snake River salmon.

This report provides an overview of some of the factors that will need to be addressed in
assessing the potential for using harvest management measures in the recovery of Snake River
salmon stocks. The major sections of the report include the following: perspectives on harvest
impacts; ocean distribution and in-river adult migration timing; description of management
processes and associated fisheries of interest; and alternative harvest strategies.

Of the three populations (or population complexes) of concern to this report (fall chinook, spring-
summer chinook, and sockeye), fishing mortality is highest on fall chinook. Current levels of
exploitation (on a brood year basis) are estimated to exceed 60% on this population. Snake River
fall chinook are caught in all of the major marine mixed stock fisheries between Northern
California and Alaska, including within the Columbia River, all of which are targeted on more
productive populations.

Impacts by ocean fisheries are much less on Snake River spring-summer chinook and sockeye
than on fall chinook. The ocean exploitation rate on spring chinook appears to be less than 5%,
though it is likely somewhat higher on summer chinook but less on sockeye. Total exploitation
rates (ocean and in-river fisheries combined) on these populations appear to be less than 16% in
recent years, with 16% associated with spring chinook and lesser rates for summer chinook and
sockeye.

Based simply on the proportion of these populations that are killed by harvesting, the largest
potential benefits to recovery that could be gained through harvest measures exist with fall
chinook. Harvest measures alone, however, even with complete elimination of fall fishing
mortality, would likely be inadequate to achieve a recovered and sustainable population of fall
chinook. There is uncertainty in what level of mortality the population can sustain, given the
uncertainty in estimates of stock productivity estimates.

Much smaller potential benefits from harvest reductions exist for spring-summer chinook and
sockeye than for fall chinook, based solely on the amount of fishing mortality estimated to
currently exist on these populations. Elimination of fishing mortality without other remedial
actions would be of limited benefit to the populations.
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Alternative harvest management strategies exist that theoretically could be implemented to reduce
these harvest impacts on Snake River salmon. These strategies include single weak stock
management, multiple weak stock management, time-area separation of stocks within fisheries,
selective-harvest  fisheries, and catch ceiling fisheries. Each varies in feasibility and pot&al for
affecting recovery. Feasibility of at least some of these alternatives is severely limited by the
amount of available information on stogk distributions and run timing, and on existing capabilities
for run size forecasting for chinook salmon.

We have made no attempt to analyze the merits or potential problems with alternative str&gies
described in the report, other than in a very cursory manner. Serious attempts to implement any
of these strategies would require a more comprehensive analysis. .
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HARVEST MANAGEMENT AND RECOVERY
OF SNAKE RIVER SALMON STOCKS

1.0 INTRODUCTION

Conservation and management of salmon populations entail two fundamental responsibilities. One
is protecting the environment that salmon depend on, the other is controlling harvest in order to
perpetuate the runs. Recovery plans for Snake River salmon may require special attention to both
kinds of management action if a reasonable chance for success is to be gained. Other forms of
intervention, such as supplementation and transportation, may be required as well. This report
presents information on the potential role of harvest management to recovery.

Pacific salmon populations are highly vulnerable to fishing because of their availability to harvest
at one or more stages in their life cycle. Northwest Indians based their livelihoods on the fact that
salmon were easily caught while migrating from ‘the ocean to spawning areas. The combined
strength of today’s marine and freshwater area fisheries has the capacity to decimate runs if given
unrestricted access to harvest (Pearse 1982).

Management measures to regulate harvest have grown increasingly complex over the past decade
in response to the needs for improved protection for some runs and more equitable harvest
sharing between fisheries (Morishima 1984; PSC 1991). The development of management plans
that adequately address both needs is an immensely complicated task; one that involves a
multitude of stocks, each with its own migration patterns and capacity to sustain exploitation. The
fishing industry that relies on these stocks is also highly diverse. Ihe &task is made especially
difficult because the stocks are often intermingled on the fishing grounds, creating highly mixed
aggregates of stocks and species on which’ the fisheries operate. This situation’is the problem
facing harvest managers attempting to protect Snake River salmon.

The purpose of this report is to provide an overview of some of the factors that will need to be
considered in assessing the potential for using harvest management measures in the recovery of
Snake River salmon stocks. The body of the report is organized into five sections: 1) this
introduction; 2) perspectives on ‘harvest impacts to Snake River salmon; 3) a general description
of the distribution of the stocks of concern; 4) a description’df  the fisheries of inter&; and 5)
a description of some of the possible harvest management strategies that might be considered.

It is beyond the scope of this report to analyze the relative merits and p&blems  of the harvest
management measures described in this report (Section 5) and we provide no recommendations
on specific measures. We also make no attempt to compare the relative benefits of possible
harvest management measures to other recovery actions that could be implemented.
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2.0 PERSPECI’IVES  ON HARVEST IMPACIS

2.1 IMPLICATIONS To HARVEST PLANNING

Numerous complex issues will need to be addressed in ‘attempting to use harvest management
measures for recovery of Snake River stocks. These issues involve many biological, legal,
political, and economic factors, all of which are considered in formulating annual harvest
management ,plans (see Section 4.1). The actions taken in one fishery can affect others because
of the movements of fish between fishing areas (Fig. 1). Measures to protect fish in one set of
fisheries can be at least partially negated by actions in other fisheries, or ‘in the case of Snake
River stocks, by losses incurred during upstream migration (Pig. 1).

Implications of harvest measures to protect Snake River stocks extend well beyond,the  Columbia
River. Morishima (1993) describes how etiorts  to substantially reduce overall harvest impacts
on Snake River salmon could have ramifications to the Pacific Salmon Treaty between the
United States and Canada. Depending on how an action was implemented, issues relating to the
so-called “‘equity principle” of the Treaty could result in other adjustments to fisheries or
production. Morishima goes on to point out that in Washington and Oregon various management
processes would need to consider an appropriate distribution of stock-sp&ic savings between
fisheries and escapements.

Some of the many questions that will need to be addressed in devising harvest management
measures to assist in recovery include:

. How should the burden for nxovery  be shamd  between fisheries and other so+es of
human-induced mortality on the stocks?

. How should the burden for recovery be shared  between the many $sheries  that harvest
Snake River salmon?

. What principles would be used to determine the level of allowable impact of afishery on
a stock of concern?

. How would sharing of the conservation burden be q(fected  by responsibilities a@
commitments of the Federal Government within the Pacific Salmon’Tnsaty  f&m a&i to
the various tmattes  with Northwest  Indian tribes Iregandingjishing?

.,

To address these questions will require an integrated analysis of the various factors affecting the
stocks and the fisheries  that may be impacting’ them, as well as consideration of the many fishery
management’ processes involved. Our purpose here is not to answer those questions, but to
provide information that can assist in doing so.

._ i
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Figme 1.

SPAWNING

Pa&way8  of Snab River chinook ‘9avtd”  by ndueing fishtry impset
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2.2 IMPACIS To FALL CHINOOK

2.2.1 Adult Euuivaltncv Conct@

The concept of adult equivalency was developed to standardize comparisons of harvests that
occur at different ages and stages of maturity to provide a means of assessing harvest impacts
relative to ocean escapement. It was originally used in comparing catches of immature fish in the
ocean to those of mature fish in terminal fisheries near the spawning grounds. We apply the
concept throughout this report to assess the level of total exploitation that a population can
sustain. A basic understanding of the concept is helpful for this di&ussion. We describe the
concept here as it applies to fall chinook because of the emphasis given to fall chinook in this
report.

The concept is used commonly in chinook modeling exercises by the Pacific Fisheries
Management Council (PFMC) and the Pacific Sdmori  Commission (PSC)’ in evaluating
exploitation rates. In those forums adult equivalence is defined as .&e probabihty  that, in the
absence of all ocean fishing, fish of a given age will-tt+@ the’ocean to sp&n. Fish nearing
maturity and soon to enter the river are given an adult.:+quivalent (AEQ) value of 1, as are those
that have departed the ocean. Immature fish harvest&l; in the. ocean translate into fewer adult
equivalents than older fish that are caught.

Equivalent values can also be calculated for locations upstream of the river mouth if significant
post-fishery mortality occurs prior to spawning. For example, spawner equivalence would
represent the probability that, in the absence of all fishing, fish of ‘ii particular tie or maturity
would arrive at the spawning grounds. The concept used in this man?%r can be applied to the
Columbia River because of potentially significant interdam losses (ID&) the &cur upstream of
fisheries.

To avoid confusion as to where an AEQ factor is meant to apply, use of adult equivalence in this
report refers to the calculation made to the river mbuth, Unless swcifically stat&l otherwise.

2.2.1.1 AEQ Factor  Calmplated  To ‘Ibe River Mouth

Adult equivalent estimates for Snake River fall chinook tie based on analysis of coded wire tag
(CWT) data for Lyons Ferry Hatchery releases, as de&bed by Schaller and Cooney (1992).
Only on-station releases of subyearlings are used in the analysis, thus matching the natural
outmigration timing of Snake River fall chinook. Brood years 1984-86 are currently incorporated
into the calculation (Mary Ann Johnson personal cbmmuriications).

The use of hatchery produced fish to project fishery impacts on wild fish is a common practice
in most of the modeling that occurs for ocean fisheries, particularly for chinook (e.g., Schaller
and Cooney [Appendix C] 1992; Morishima  1993). ~Assumptions,implicit  in this approach W#N%
hatchery and wild fish both have similar oceanic distributions, maturity schedules, and other
behavioral patterns that might affect vulnerability to fishing. Healey (1991) notes that the validity

Harvest Management 4 June 1993



of assuming similar ocean distributions between hatchery produced and wild fish remains
unresolved, although he found comparable distributions for hatchery and wild fish originating
from Vancouver Island. Chapman et al. (1991), in discussing CWT recoveries of Snake River
spring-summer chinook, noted that wild fish may be more vulnerable to ocean fishing than
hatchery fish because of a tendency for earlier maturity by hatchery fish.

The calculation of AEQ factors incorporates estimates of natural mortality by age and maturation
rate (i.e., proportion of ocean fish ready to depart the ocean) (Table 1). Ocean natural survival
rates are those that are assumed by the Chinook Technical Committee (CTC) of the PSC for
chinook salmon (CTC 1988; Schaller and Cooney 1992). The modeling procedure assumes that
natural mortality for a given ocean age occurs prior to fisheries.

The factors represent the proportion of Snake River fall chinook caught at a particular age that
would survive to return to the Columbia River in the absence of all ocean fisheries. For example,
an estimated 60.8% of fish that are caught at age 2 would return to the Columbia if no ocean
fisheries actually occurred. Conversely, 39.2% of age 2 fish (1 - 0.608) would die from non-
fishing related causes prior to arriving at the Columbia River. All fish caught at age 5 are
assumed would survive to the river mouth in the absence of fishing.

Table 1. Natund o c e a n  swvival tabs md tmitntation mtes uisal  t o  caicuhtte ablt
equivalents for Snake River fall chinook;~  CWT rscovslies  of Lyons F&y
Hatchery fish” wen employed in calculating malwiation  rurd AICQ rates (&qbd
fmm SchaIler and Cuoney f1992) with updated facton  from G. I#orishima
[pcrsod t?OiMtdC~*OlSS]).

Oetta Agt oetra  suvival Motl4lation Ratt Adult Ehpivtit&

2 0.6 0.670 0.608

3 0.7 0.232 0.825

4 0.8 0.659 0.966

5 0.9 1.000 1.000
* - 4

” Lyons Ferry Hatchery subyearling releases, brood years 1984-86.
Tag codes used: BY 84 - 633226,633227,633228

BY 85 - 633628,633639,63364$ $33641,633642 .
BY 86 - 634i59,634261.
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In addition to catch statistics, adult equivalence can be expressed for fishery exploitation rates.
An exploitation rate expressed in adult equivalents represents the AEQ ocean catch divided by
the sum of estimated run size returning to the river plus the AEQ ocean catch.’

The AEQ factors by themselves cannot be used to assess how many fish would pass to the
Columbia River if fisheries are modified or only certain ones are closed. Fish saved from one
fishery can be killed in another during the next year of ocean residence or en route ‘to the
Columbia River (Fig. 1).

202.102 AEQ Factor0 CJcJlroed To Above Luwer Gmnite Dam 1/

Significant non-fishing mortality occurs upstream or within the area of fisheries in the Columbia
River. To account for this, AEQ factors can be calculated to points higher in the river systeni
than at the mouth. One procedure for estimating AEQ -factors for fish caught in ocean fisheries
but that would be destined to pass Lower Granite Dam in the absence of all fisheries involves
simply applying estimated survival rates between dams (dam conversion rates; i.e., I-interdam
loss) to the AEQ factors listed in Table 1 (Table 2).

Two sets of dam conversion rates are given. One set, labeled “Joint Staffs”, consist of the values
agreed on by the technical staffs of the Washington Department of Fisheries (WDF), Oregon
Department of Fish and Wildlife (ODFW), and Columbia River Intertribal Fish Commission
(CRJTFC). This set is based on Schaller and Cooney (1992) for use in the Snake River fall
chinook life cycle model and the PSC chinook model (Morishima  1993). The second set consists
of average values (5% loss per dam) obtained. from Chapman et al. (1991) as developed for
Snake River spring chinook, but sometimes applied to Snake falls. Chapman et al. (1991) present
information indicating that average loss per dam for Snake River fall chinook likely does not
exceed 5%. The discrepancy between estimates obtained by the Joint Staffs and Chapman et al.
has not been resolved.

P

The AEQ factors computed to Lower Granite Dam are affected by the rate of dam passage
survival. The factors differ for fish caught in ocean and river fisheries.

’ Several different formuIations exist for “exploitation rate” depending on how the rate is to
be applied. In this report, we generally use the concept of brood year exploitation rate, which
considers the cumulative impact of fisheries upon all age classes of the production associated
with a single brood year. In several instances for in-river fisheries, we treat the estimated
exploitation rate as a calendar year-specific rate, which is done for the sake of simplicity. This
use in these instances does not affect the relevant points to be made from the analysis.
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Table  2. AEQ factors computed fur Snake  River Iall chinook to above Lower Gnmite  Dam.
‘ho sets of dam conversion &es an shown lipmsenting a nage of i&e&m loss
IWS.

The two sets of dam conversion rates applied to Snake River fall chinook differ dramatically and
suggest that this may be a critical uncertainty in assessing benefits of harvest reductions.
Divergence between the two sets increases in an upstream direction. The average conversion rate
for 1986-91 by the Joint Staffs between Bonneville and McNary Dams (0.86) is essentially
identical to the result of applying a constant 5% loss per dam (Table 3). Close agreement in this
reach, which encompasses the Zone 6 fishery, suggests that disparity between the two estimates
of conversion rates is not due to fishery induced losses (killed but not landed and reported)
associated with the Zone 6 fishery. The Joint Staffs’ estimates in Table 3 also illustrate the
amount of interannual variation that may be occurring in IDL.

The two sets of conversion rates diverge substantially beginning at Ice Harbor D8rn. Adult fall
chinook that pass Ice Harbor Dam are known to fall back below the dam at a high rate (Mendel
et al. 1992); radio tagging at that point suggests that substantial numbers of fish passing Ice
Harbor may be “dip-ins”, produced from other areas in the Columbia basin. Additional studies
by Mendel et al. are in progress. However, the Joint Staffs’ dam conversion estimate for Ice
Harbor Dam to past Lower Granite is derived from expanding the estimates for Lower
Monumental to Lower Granite in an attempt to avoid “dip-ins” (Schaller and Cooney 1992). Still,
a high rate of fall back is evident for the dams above Ice Harbor, as reported by Mendel et al.
(1992). See Dauble (1993) for further discussion on dam conversion rates.

The potential effect of errors in dam conversion on analyzing harvest reductions is discussed
further in the following sections.
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Table 3. Compison  between dam convemion estimates for hake River fti chinook for
diffemt leacbea of the Columbia and Snake Rive&  198691,

Setme of
Estilmtt

Joint Staffs”

Chapman
et al. 1991

Bomltviut to MtNay to Ice Hmborto Bonnevillt  to
YCU McNug xtt Hahtr Lower  Gnu&t Ltwtr GmnStt

86 .95 .86 .38 .31 (

87 .85 .86 .44 .32

88 .92 .84 .35 27

89 .86 .86 .45 .33

90 .79 .88 .60 .42

9 1 .75 .82 .38 .23

Mean .85 .85 .44 .32

all .86 .95 .85 .66

” Source: Columbia River Technical Staffs (1992).

2.2.2

To assess the potential benefits of reducing harvests to spawning escapement requires an
understanding of the distribution of mortality after the population becomes vulnerable to fishing.
The relationship, or interactions, between the different mortality components must aiso be
considered (Fig. 1). Natural mortality in the’ ocean is factored out by expre&ng  catchand
exploitation in adult equivalents.

2.23.1 Distribution of Adult Motiity

One common way of displaying information on adult mortality is with a pie diagram, e&&s&e
representing the proportion of fish harvested in different fisheries. Such displays aireus@fti fol
gaining an historic snapshot of how a particular mortality slice has compared. in size to others for
a given period of time.

Using CWT recoveries for Lyons Ferry Hatchery releases to represent Snake River fall chinook,
the average distribution of AEQ mortalities has been described for catch years 1988-1990 (Fig.
2; CTC 1992; CRITFC 1993). A more detailed presentation of harvest distributions is provided
in Section 4.2. The average mortality distribution (Fig. 2) excludes 1991 because of the very few
tag recoveries that year; poor smolt survival for the brood producing the predominate age class
for 1991 is suspected (Tom Cooney personal communicutions).  The PSC chinook model was used
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in determining the estimates of AEQ mortalities, which include incidental fishery mortalities
(hook&g mortality, etc.) as well as reported catches (CTC 1992).

A limitation of the pie diagram summary is that it cannot be used to interpr+ how r~uctions in
mortality in one slice might be transferred to spawning escapement. Fish savpd from death ii one
mortality slice may simply be killed in an tijacent  slice beFause of the migrational paths beipg
followed and the sequencing of mortality agents (Fig. 1). ‘, /

Adult .Mbtiality ‘Distribution*
1988-W Average

1H DAM TRAP (6.6%)

BC HARVEST (21.7%)

NT-DAM LOSS (17.396)

PFMC WEST (12.696)

RIVERHARVEST (26.6%)’ - j

l Exproswd in adult aquhnkna
SaJrcoE cRmC1993.

F’lgum 2. Distribution of dult mottality on Lyons Feny eterrses of sabyeaiiag-fhtt  chinootq
dislaibution  is assumed to be npsentative  of Snake River wild fat1 chinook
Abbteviatlons  am as follows: AK - Alaska; BC - Btitisb Cotumbir;  PFMC - Pacific
PEsbelies  Management Copncit; INT-DAM IOSS - ix&&am  toss; III DAM TRAP -
Ice Ha&or Dam Trap; I& DAM ESC - Lower Granite Dam escapement.

Harvest Management 9 June 1993

I ~ I I



The sizes of the slices in Fig. 2 do not operate as mortality tier; and shouId.not be tin&red
as representing the potential for impacting spawning escapement. Thus as fish are removed from
the population, mortabfy in subsequent life stages operates on fewer fish. If you” rcIzhrti  the effe&
of one source of mortality,.then more fish are subject to mortality  ;FFomcidrer sources~This is best
seen by comparing the sizes of slices shown for all ocean fisheries combiied, ill in-tierfisheries
combined, and interdam loss. These three amounts add up to 3 9%, 29%: and 17%; &petivuly.
Because fish move through these categories in a sequential manner, mortality rates in each are
applied to a steadily shrinking number of fish, resulting in the first slice being the largest and the
last one being the smallest

A comparison of average exploitation rates and interdam  loss rate presents a different picture
(Fig. 3). Estimates of exploitation rate for brood years 1984 to 1986, broken into ocean and in
river components, were obtained from CTC (1992) and are based on the PSC chinook model
using Lyons Ferry CWT rekases as previousIy d&scribed (Table 4). The rates, expressed in adult
equivalents, represent the propor&m of fish k&d in each category of the total number of fish

0.6

6 0.5

2
s= 0.4
z
$ 0.3

8
( 0.2

0.1

0

Figm 3. Average AEQ exploitation mtes for ocean and in her fisherit  and intrrdam loss
(IDL) rates based on two methods of estima4ion  for Snake River wild faU chinook
Mgp4ed from CX’C l992. ,.G i
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Table 4. Adult equivalent (AEQ fishery exploitation &es on Snake River fall chinook
salmon.” Note: the r&es shown npnsent the pmpotion of fish killed (lauded and
non-landed) of the total number of fish mailable of this stock to the fisheries shown.

” Source: Chinook Technical Committee (1992).

available in each category. The rates are therefore directly comparable to one another in regards
to their potential to affect spawner abundance.The average ocean and in-river exploitation rates
are virtually identical for brood years 1984-86 (0.38 and 0.39, respectively). Total AEQ fishing
mortality equals or exceeds 60% for each brood year. The two sets of interd&n loss rates suggest
that mortality rate at this stage is either slightly less than that estimated for marine or river
fisheries, or higher than the total fisheries exploitation rate for all fisheries combined. The effect
of this uncertainty is examined below.

2J.2b2 Relationship Between Adult Mortality and Spawning Escapement

A simple, yet illustrative, approach to assessing the potential benefit of reducing the current total
fishery exploitation rate is to calculate the expected percentage increase in escapement ‘as
exploitation rate is reduced (Fig. 4). The computation is made by simply assuminganAEQrm
size and applying the estimated total exploitation rate and estimates of inter&m losses.
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Figum 4. Relationship between perrent duction in cmtent fish&y exploitatim rnlt and
escapement  past Lower &mite Dam,.for Snake River wild fall cbineslp Cbmnt
exploitation mte is esfimabd  fo be 0.62. ‘Ihe ~shapement  of fish fmml bmed yclrrir
1984-86 is different than the axvemge  value shown for cdendar  ye= ,I986091;’ the
latter is shown for simplicity.

The relationship between percent increase in spawners and percent reduction i
rate is identical for any adult equivalent run size and both sets of interdam 1
not seem intuitively logical for the two different sets of interdam lo.- rates. It occurs’ bes;ause
the interdam loss rate is independent of exploitation rhte and operates afterthb:fisheries. (Note:
In reality IDL overlaps in area with that part of the fishery that occurs upstream of Bonneville
Dam, i.e., the Zone 6 fishery). Thus a proportionate decrease in exploitation rate results in a
proportionate increase in spawners, regardless of the added mortality that occurs between the last
fishery and Lower Granite Dam. The relationship assumes that only the fishery exploitation rate
is being reduced and that the mte of interdam loss is constant and remains unchanged. If actions
are taken concurrently to reduce IDL, then a new relationship results. The relationship in Fig. 4
assumes an average IDL rate. In reality, IDL will vary between years due to interannual variation
in environmental factors.

The relationship in Fig. 4 should not be construed to mean that IDL is unrelated to escapement.
Reductions in IDL will increase escapement. However, which set of interdam loss rates used in
the analysis has no effect on an assessment of relative benefits of harvest reductions to spawning,
provided that the same set is used in the assessment as used in constructing the run size
estimates. Estimates of Snake fall chinook run size reported by the fisheries management
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agencies (Joint Technical Staffs 1992) are made by using run :re-construction methods starting
with fish passing Lower Granite Dam and applying dam conversion rates in a downstream
direction (Schaller and Cooney 1992). The use of a different set of IDL rates would have
resulted in a different set of run size estimates, but the relationship shown in Fig. 4 would be
unchanged.

If the estimate of total AEQ exploitation rate in Table 4 is approximately correct, then
escapements passing Lower Granite Dam could be expected to increase roughly as follows with
reductions in the total fishery exploitation rate as shown:

% Reduction in Escapement Past
Exnloit. Rate &ower Graqj&

0 360

. % Increase in
Escapement

0

10 420 17

25 510 42

100 950 167

The analysis is insensitive to assumptions about AEQ run size and interdam losses, but not to the
estimated exploitation rate (Fig. 5). The relative benefit to existing levels of spawning escapement
of reducing harvest impacts is only affected by the estimate of “current” exploitation rate.

The relationship between reduction in fishery impacts and percent increase in spawning
escapement can be modified to incorporate interdam loss rate since the survivals associated with
fishing and dam conversion are multiplicative (Fig. 6). Total AEQ mortality rates of 0.7,0.8  and
0.9 are shown. Use of the exploitation rate derived with the PSC chinook model and the Joint
Staffs’ interdam loss rate results in an AEQ mortality rate of slightly less than 90%. An IDL of
5% per dam results in a total AEQ mortality rate of 75%.

23.23 Effects Of Alteting  &nest  Pattans

The difficulty in assessing effects of harvest reductions comes principally in attempting to
estimate relative changes in exploitation rate for different fishery pat@ms. Assessing the effect
of changes in ocean fisheries is not trivial be&se of how savings from reducing selected
fisheries can be transferred to other fisheries (Fig. 1).

Morishima (1993) used the PSC chinook model to evaluate three alternative fishery regimes for
fisheries that impact Snake River fall chinook, i.e., troll fisheries in Southeast Alaska (SEAR)

2 Value shown for 0% reduction in exploitation rate is the estimated average for 1987-91
calculated as if broodstock trapping at Ice Harbor Dam had not occurred.
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Figum 5. Relationship between pellcent  reduction  in cunent  AEQ fi&y exploitation late aud
Lower Ganite Dam escapement of Snake River wild .fadl chinook for different
estimates of existing avenge exploitation rate. Diffeq?nt  values for cunent
exploitation rates 81e shown along the right side of the gmph.

Rgum 6. Ihtiouships  between perrent 4uction in cunent  AEQ mo&y rrte (including both
fishety  and dam nlated mortalities) md bwer Gnu&e Dam escapement of Snake
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and off the West Coast of Vancouver Island (WCVI). (See Section 4.2 of this report for a
description of these fisheries and their relative impact.) The model was used to compare results
of modeling 1987-91 actual fishery regimes with those fir the alternative scenarios’for each year.

i- -/
The alternative fishery scenarios consisted of much reduced catch ceilings in the SEAR and
WCVI troll fisheries but left how all other fisheries were conducted unchanged; including those
in the mainstem Columbia The alternative scenarios are shown below:

Scenario

A

B

C

SEAK WCVI
(change from actual) (change from actual)

no change - 200,000 fish

- 200,000 fish no change

- 200,000 fish - 200,000 fish

On the average, these reductions cut approximately 75% and 53% of the actual ceilings in the
SEAR and WCVI troll fisheries, respectively (Table 5). Run sizes of Snake River fall chinook
returning to the Columbia River mouth were increased for the three scenarios by 16%, 4Oh, and
20% respectively (Table 5). Improvements in spawning escapements passing Lower Granite Dam
were only slightly different, increases of 15%, 4%, and 19% were projected. These results
indicate that the total fishery exploitation rate on the stock was reduced by a maximum of about
9%, 4%, and 12% for the three scenarios respectively. In reality, results might differ from those
projected because of the rules for managing fisheries in the Columbia River under the Columbia
River Fish Management Plan. Those rules could allow for increased fishery harvest rates in the
mainstem Columbia in response to increasing run sixes.

Modeling results showed that some ,of the fish saved from ocean fisheries were subsequently
caught in Washington, mostly in the Columbia River commercial fishery. Catches (commercial
and sport combined) of Snake R&r ‘fall chinook in the ‘Col.umbia  increased by 2@?!,‘5%,  and
25% respectively for the three scenarios compared to actual.’ Very litie change occurred in
catches of this stock in other Washington ‘fisheries.

The modeling results also showed that substantial increases in terminal run sixes occurred for
other chinook stocks in the Pacific Northwest uniter the three scenarios, with cat&es being
adjusted upwards as well.

2.23 . .j&ockPmditctmvA fr..nd Swtanaih  lWo&hv  Ra#q

The previous sections illustrate how effective harvest reductions could be in increasing spawning
escapements of Snake River wild fall chinook. The logical question that follows from this is how
much of a reduction in exploitation rate would be required to improve the likelihood for recovery.
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TabIe5. Es$nuJed~~iaertcb,4~~~IDB~~8fS~fJJlebiqoQk
under thw abnative ocw fbhy aq&mea  for 1987-91. IbtimnW wca, rpJs using
the PSC chinook model, as npo&ed  in MOIW&IN (1993). Modeling ‘nsults  for
altenmtive  best scetios  (A, B, rad C) m cornpad to tkose ob@&d jvy
modeling rrtwl c8tcb for 1987-9a  (Actual).

Ave. total SEAK
ceiling”

Add

263,000

sceldoA

no change

Seendo  B

-200,000y

Ave. WCVI troll
ceiling’

376,000 -200,000~ no change -200,000~

AEQ ocean catch 827 574 765 512

Terminal run 1,891 2,203 1,964 2,277

River catch 618 743 649 774

Escape. past fisheries 1273, 1,459 1,315 1,503

Spawning escape. 385 443 399 458

Increase in spawn. 15% 4% 19%
escape.
- I _ - -

” Approximate; ceiling is fot total SEAK  catoh,  including troll, net,  uad  q~rt of which aPI1 is dlo~lltd  th@large
majority.

u Change from the year-specific ceiling.
3/ Approximate.

Productivity, sometimes referred to as the population’s +insic rate of &crease,  determines the
amount of resilience that the stock has to withstand mortaIity,~or in &is case, to man-induced
mortality. Stock productivity is related to the density-independent survival rates on the popul&qr~
(or simply, the eggs per female times the survival rate.through  all fife: .stages when there is no
density-dependent effect) (Hilbom and Walters 1992).

Estimates of productivity are obtained through analysis of spawner-recruit (S-R) da@ the s&e
of a S-R curve at very low spawner densities is the &&rate of product&ity  of the’popu@ion.
The estimate is essentially a theoretical limit to how many recruits per spawner areproduced at
low spawner densities. Ricker type S-R curves associa$ed with three levels of productivity are
illustrated in Fig. 7A. The productivity measure in thi$  case is. ref&ed to” as the .“Ricker A”
parameter, shown for values of 1, 2, and 3. A productivity of 1 would provide very little
resilience to exploitation.

I *
I
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Productivity is expressed either in terms of the “Ricker A” parameter (Schaller and Cooney 1992;
Morishima 1992; Petrosky and Schaller 1993) or alternatively, as the theoretical number of
recruits produced per spawner at low stock size, i.e., by what is referred to as the alpha parameter
(Reisenbichler 1990). The relationship between “Ricker A” and alpha is shown in Fig. 7B
(“Ricker A” is simply the natural log of alpha). We express productivity using the “Ricker A”
parameter in this report.

Two estimates of sustainable exploitation rate, or more correctly for our application, adult
mortality rate, are obtained directly from estimates of productivity (Ricker 1975): (1) the
maximum sustainable exploitation rate and (2) the exploitation rate associated with maximum
sustainable yield (Fig. 7C). The first rate is a theoretical maximum limit to how much
exploitation a population can sustain; the rate is higher than that associated with maximum
sustainable yield. This rate can be thought of as the theoretical limit to the total AEQ mortality
rate that can be sustained by the population, which would include in our case both exploitation
and IDL. Because this rate theoretically exists only at zero spawner density on a S-R curve, it
is not a rate that can be sustained in reality. Still, it provides a maximum boundary to illustrate
where true sustainability cannot exist. Thus if AEQ mortality for a population of a given
productivity is higher than the theoretical limit to what can be sustained, the population will go
to extinction. The second rate is theoretically the exploitation rate that can be maintained to
achieve maximum sustainable harvest or yield (MSY).

It should be noted that the productivity parameter is often substantially overestimated for stocks
with low productivity (Walters and Ludwig 1981; Reisenbichler 1990). This bias in the procedure
to estimate the productivity parameter for stocks of low productivity indicates that caution is
warranted in projecting outcomes of management actions on such stocks.

The true limit to sustainable adult mortality, particularly for unproductive stocks, is likely much
closer to the MSY exploitation rate than to the theoretical maximum sustainable limit (Fig. 7C).
The envelope between the two rates may bracket, therefore, where mortality can be sustained for
populations of different productivities, though it is likely closer to the lower curve.

Cramer and Neeley (1993) estimate that productivity for Snake River fall chinook under pristine
conditions approached 3.0 (20 AEQ recruits per spawner). Cramer and Neeley conclude that if
differences in dam-related mortalities are accounted for, their estimate of Ricker A of 3.0 for
Snake fall chinook under pristine conditions is consistent with Schaller and Cooney’s (1992)
estimated productivity for Hanford Reach fall :chinook of about 2.0 (7.2 AEQ recruits per
spawner) under present conditions. Cramer and Neeley (1993) attribute the reduced productivity
of Hanford Reach fish to increased mortalities due to passage losses.
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F’igum 7. (A) Ricker  spawne*recndt  cmves with pnhctivitiea (‘Ricker A“) of 1,2, and 3; (B)
nlationship  betwea ‘Ricker A” p~~I~~tivity  pat-am&r vaIuea rrd AEQ ncndt~  per
spawner at lower spawner dewity;  (C) the tbeonticrl  limit to swthuble Am
mortality  aud MSY exploitation lrot in elation Q stnck p~&~~tivity.

18

I I I I



The proportional decrease from the estimated productivity for pristine conditions to that of
Hanford Reach provides a basis for approximating what current productivity for Snake fall
chinook might be. We assumed that a proportionate decrease in productivity exists between
Hanford Reach fish and Snake fall chinook under current conditions as estimated between pristine
Snake and current Hanford Reach (Fig. 8).

0.0 y
I I I I

0.0 0.5 1.0 1.5 2 0 2 5 3.0 3.5
Stock Produt3ivity  (“Ricker A”)

Figum 8. Appnmimation  of bistotic and cumnt stock pmductivities  for wild fall chinook See
text

Such an extrapolation suggests that the current Ricker A value for Snake fall chinook would be
about 1.0 (2.7 recruits per spawner). We examined the components of productivity more closely
and concluded that current Snake productivity could be lower or higher than this estimate,
depending on the assumptions made. Cramer and Neeley (1993) did not present an estimate of
current productivity for Snake fall chinook, although their survival rate estimates for different life
stages result in an estimated Ricker A value of -roughly 0.6 (I.8 AEQ recruits per spawner),
substantially less than our crude approximation of 1.0. It is logical to assume that the productivity
for Snake fall chinook is considerably less than for Hanford Reach fish given the condition of
the Snake stock. Figure 8 provides a basis for considering the level of adult mortality that might
be sustainable for Snake fall chinook, where the sustainable mortality rate would be bounded by
the two curves in the figure.

To examine the effectiveness of harvest reductions to recovery, we constructed a series of graphs
with a range of estimated total AEQ mortality shown as horizontal lines (Fig. 9). The lower
horizontal line incorporates an interdam loss rate of 5% per dam; the upper line utilizes the Joint
Staffs’ interdam loss estimates. Thus each horizontal line depicts the total adult mortality rate
resulting from Eshery  impacts and one of the IDL rates;
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Figure 9A shows estimated total AEQ mortality associated with the estimated current fishery
exploitation rate. The total adult mortality rate is slightly less than 90% with the Joint Staffs’ IDL
estimate and approximately 75% with a 5% JDL rate per dam. The curved lines represent
sustainable mortality rates as previously described. Where a horizontal line is higher than the
dashed curved line it identifies with a high level of certainty which stocks having a certain level
of productivity will go to extinction with that level of adult mortality being applied. As
mentioned above, the actual upper boundary to mortality is likely lower than the level represented
by the dashed line. So, for example, stock productivities less than about 1.4 would result in
extinction with the 5% IDL per dam, while a productivity of at least 2.2 would be required if the
Joint Staffs’ IDL estimate is correct The shaded portion of the range of AEQ mortality estimates
corresponds to the stock productivities that would with a high degree of certainty be sustained
with those mortality rates, assuming that the MSY exploitation rate represents a reasonable target
for recovery purposes.

Figures 9B-D provide results for reductions in total fishery exploitation rate of 25% (Fig. 9B),
50% (Fig. 9C), and 100% (Fig 9D). The total elimination of fishing mortality would appear to
be the only case where harvest reductions alone could offer the potential of recovery if interdam
losses are 5% per dam at a stock productivity of 1.0. At the higher estimates of interdam loss,
stock recovery would not occur with the total elimination of harvest. Figure 9E shows AEQ
mortality rate estimates if all U.S. fisheries were closed but Canadian harvests were unaffected.
We assumed in this case that the Canadian exploitation rate would approximate rates estimated
for the 1979-82 base period using the PSC chinook model (estimates obtained from Gary
Morishima Cpersond  communications]).

The foregoing may raise a question to the reader: if reducing adult mortality results in increased
spawner escapements as shown in Fig. 6, which in. turn would result in higher recruitments and
so on, why would extinction occur ifstock product&y is 1.0 or less? The answer is simply that
those increases in escapement would not be sufficient in the long run to sustain the population,
although there would be immediate but short-term benefits to the population

We conclude from this analysis that harvest reductions alone are inadequate for recovery if
current stock productivity is 1.0 or less. To gain even marginal relief through reducing fishery
impacts would likely require substantial changes in currat harvest patterns. Fishery reductions
could be used to gain relief in the short-term,. but long-term recovery will likely require
reductions in mortality that cannot be realized by harvest management alone. Morishima (1992)
presented a similar analysis to the Recovery Team in December 1992 for ranges of estimated
juvenile and adult mortalities on the Snake River stock. His conclusions were similar to ours.

2 3 IMPACIS  TO SPRINGS- QaMoOK

Available information indicates that ocean exploitation rates on Snake River spring-summer
chinook are low, probably less than 5% (Chapman et al. 1991). Similar conclusions about the
likelihood for low ocean exploitation rates on these stocks have been reached by the Salmon
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Technical Team of the PFMC (PFMC 1992b). The 5% va&e does not include incidental
mortalities, nor is it an AEQ exploitation rate. Incorporation .of these factors would likely
decrease the estimate, but a 5% rate is assumed for this discussion. Section 3.1 presents a
possible explanation for why ocean exploitation rates are so low for thesestocks compared to fall
chinook.

The in-river exploitation rate on Snake River spring chinook is esti@ated to have averaged 12%
for 1987-91 (Joint Technical Staffs 1992), slightly higher than the average since 1975 (9.5%). We
use an in-river rate of 12% for spring chinook for this discussion. The in-river exploitation rate
on Snake River summer chinook is less.

These rates result in an estimated total current exploitation on Snake spring chinook of about
16%, lower than maximum sustainable yield exploitation rates estimated for other spring stocks
(Reisenbichler 1990). This estimate provides a basis for estimating potential benefits to the stock
that could be achieved by reducing harvest impacts, using the same approach depicted in Figure
5. The approach is not dependent on estimates of dam conversion, L

The analysis indicates that a 100% reduction in exploi@on  rate v&d incrqa~@  escapement past
Lower Granite Dam by an average of about 20% (Fig. 10). A 50% reduction would increase
escapement by about 10%.

We conclude that major reductions in fisheries would be required to gain r+tively small
increases in spawning escapement. i ”

1

2.4 IMPACIS  TO SOCKEYE .>

No estimates exist for ocean exploitation rates on Snake~&iv~ sockeyes The Salrq9p~~Tgc&cal
Team of PFMC has concluded, however, that tie ,probrbilitrjr  of Berv,est on this s@ck .in Vl#C
fisheries or in the sockeye fisheries of the Strait of Juaq de Fuca is very low. (PPMC  ,199*).

In-river exploitation in recent yqars have boen very small s&h .that analysisinvo&@s es;titrtrrting
the probability of killing one fish. We did not attempt to evduoQ t&e probbi~,#maM~.

2 5 EFFEl’S OFiARVEST  ON FOMJLATiON  CiiN-
’ ; .1 _

Harvest does not simply affect the Quality of salmge returning  to the spawning grounds, ii also
affects quality, i.e., the genetic composition of the strn&@gtock (A&&rf bt al. i1987;,&lqon
and Soule 1987). Development of harvest regimes to, as&t in stock recov#!y, will .M$ to
consider how harvest has likely already significantly altered genetic composition and will
continue to do so.
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Figum 10. Relationship between percent lneduclion  in eumatesploitrlCoa  rrob ml escapement
past Lower Gmnite Dam for Snake River sprino  chinook Cumnt exploitation
m& is estimated to avemg& less ibm 0.16.

Fisheries can exert strong selective pressures on fish populations due to gear selectivity (for size
or sex). In addition, the older age classes of species like chinook ure subjected to mu& higher
exploitation rates because of their longer period of vulnerability to fishing. Bicker (1981)
describes how the average size of chinook caught in marine fisheries has declined by more than
50% over the past 50 years; average age of maturity has d&&&d  by about ~00 years.

The effects of variable exploitation ra@% on different ages of chinook salmon. can be ilhrstrated
through use of the PSC chinook mode& Morishhha (1993) present!s-results of mo&Bng~tbe 1987-
91 fish&y regimes in the ocean and river for various stocks, ineluding Snake. River wild fall
chinook (Table 6). Exploitation rates are much higher on ages four and five fish than on ages two
,and three fish. ‘By adding the AEQ ocean catches for difftrent ages to the age-specific  in-river
nm sizes, an average age distri&tion can be estimated for the in-river pOp&tiort ‘in &I. r&s&me
of fishing.3 The age distribution of the spawning population would be significantly different in
that case (Fig. 11). This dramatic difference in age structure between the fished and unfished
populations indicates that productivity per *atier is significant& lrbca in the fed than tutfished
population. The greater proportion of older fish in the unfished population would have a much
higher proportion of females pre&rrt(females tend to be older) and the f-&es would te&I to
be larger than those in the fished population. This difference would result in a significantly
higher p&ntilrl*egg deposition p& adult spawner for the unfished population.

3 This procedure is an approximation only; the analysis should actually be done on a
brood year basis, which would give slightly different results.
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Table 6. Modeling results showing avewe AIQ ban cat&es,  hiver nm sizes, in-river
catches, and escapement for Snake River wild fall chinoolq  1987-91; fmm Molishima
(1993).

AEQ ocean
catch

Age 2 Age 3 Age 4 Age 5 Total

13 242 408 167 830

In-river run 358 615 662 255 1,891
size

In-river
catch

19 99 390 110 618

Lower
Granite
escapement

119 128 86 52 385

These results suggest that if a harvest strategy could be devised to increase the average age of
spawners from the current condition, then stock productivity could potentially be increased.

Genetic change is also believed to occur by harvesting at a rate that only some components of
the stock can sustain, resulting in loss of less productive components and life histories (Larkin
1977). Such losses have likely occurred for Snake River stocks.

Changes can occur as a result of disproportionate harvesting on different segments of a salmon
run (Nelson and Soule 1987), as can occur in terminal are&fisheries. For example, if harvest is
only allowed on only one segment of a run entering the river, say either the early or late
component, then changes can result in the composition of the breeding population.
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1987 -9 1 Fishery Regimes

Without Fishing

Figme 11. Estima4ed aveqe age distaihutions  of Snake River wild fall chinook bssed  on
mod&i mults for 1987-91 frrDm Mortsbima (1993). Age disttibutions  ~lt shown
wi& actual fishery ngimes for 1987-91 ad witbout my 0ccIll or briver
fislmies.

HatveJt b4bnagement 26 June .I993

i;

I



3.0 GENERAL PA-S OF OCEAN AND IN-RIVER
ADULT MIGRATIONS

3.1 OCEAN DWIlUBUTION

The ocean distributions for Snake River wild-  salmon can only bei
available for either hatchery produced fish or from.other  wild stocks,’
to directly determine distribution for the wild stocks. .

#$n information
&ta are available

North American chinook populations are widely distributed in t&e I&&astern Pacific Ocean
(Fig. 12). The various “streams” of fish illustrated in Fii. e many large rivers
along the coast, between Central California and Alaska. well in excess of a
thousand spawning populations of chinook salmon on the Faith. coast (Atkinson et al.
1967; and Aro and Shepard 1967 citedin E&&y 1991). ‘J!$ %&hly mixed nature of the
populations in marine waters is clearly “evident  frog @lg. 12.

3.1.1 F a l l  Clrinoo)s b
:

The distribution of Snake’ River fall chino&$$ &I “-<waters is assumed to be represented by
CWT recoveries of Lyons Por@Iat&~~~ as described in Section 2.0. The distribution
of Lyons Ferry fish is used for modeling a Snake River wild fall chinook in both the Pacific
Salmon Treaty and Pacific Fi Council forums (Schaller and Cooney 1992;
CTC 1992). The suitability of fish as surrogates of wild fish was discussed in
Section 2.0. We believe that it t to use the Lyons Ferry releases for formulating a
generalized pattern of distri&tion i& the.+ocean for Snake River wild fall chinook.

:.

Estimates of catch composition@ stock:have been made for v&-us fisheries along the coast
using the PSC chinook model (t?l#Z ,j9%$&ary  Morishimapcrtrcin$l  communications). We used
those results to estimate catches &$n&&ll chinook per 1,000 total chinook landed in various
fisheries (see Section 4.2). The av Par 1987-91 provide a very general pattern of the
distribution and abundance for this relative to the total for others (Fig. 13). This stock
appears to be caught in all of Is n&&r$ixed stock fisheries from Northern California to
Southeast Alaska. ,1

The primary direction of movement f#$@ the Columbia River appears to be northward, though
CWT analysis indicates that a.substan@&.&mber of fish move south also. The percentage of the
population that move north and sou@;ca@ot  be inferred from :,Fig. 13 because the relative
abundance of other stocks is also incorporated into the graphic. Fall chinook from the Snake
River apparently have a tendency to move south of the Columbia in a higher proportion than
other upper Columbia River fail1 cM@ok (Waples et al. 1991). The catch concentration shown
for south of Cape Falcon (near AiMa) includes the entire ocean catch of chinook to the limit
of their range in southern Caitifomir;  concentration values computed for waters off Oregon alone
would be higher than shown while concentration off California would be lower.
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Flglue 13. EgtimrbGd  avenge catches of Snake River fdi chinook per l,O@@ totai cbboek
h&d in saimon fishe&s between Cdifontia md Alaska, brr#d on catch yern
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of Cape Fdcoa Catch concentmtiollr  of Snake fdi chinook in the Colmmbir
River wen computed with Qtd cat&a  of fall chinook oniy; spling chinookwan
excluded.

3 . 1 . 2  ~min&hmmer  C&hook

Coded wire tag recoveries for hatchery spring and summa chinook produced in the Snake River
are not considered adequate to model their ocean distributions due to few tag recoveries (Gary
MorishimapersonaJ  communications). Of 2.8 million tagged hatchery Snake River spring chinook
released from Rapid River and Sawtooth hatcheries from the 1976 to 1987 brood years, only few
observed recoveries were made in marine fisheries (PPMC 1992b). Over 600 tag recoveries were
observed for in-river fisheries and spawning escapemnnt.  Results of GSI analysis indicate ia:
similar low contribution of these fish to marine fisheries (PPMC 1992b).

A somewhat higher proportion of Snake River summer chinook appears to occur in ma&~
fishery areas than for Snake spring chinook, though CWT data are considered in&quate to
model distribution @MC 1992b; Gary Morishima  perslouoaJ  ournnr@c&u~).  Still, it appears
that Snake River summer chinook are much less available to being harvested by marine fisheries
than are Snake fall chinook (Berkson 1991; PPMC 199b; NMPS 1992).

Reasons for the general lack of harvest of Snake River spring and summer chinook in the ocean
can only be speculated on; it appears, however, to be related to migrational behavior that avoids
the times or areas of heavy fishing. Healey (1991), in summarizing information on ocean
distribution of chinook salmon, provides a plausible explanation. Healey summa&red the available
information on ocean migrations of ocean-type (0 age smolts) and stream-type (yearling smolts)
chinook salmon. Snake River fall chinook are ocean-type while Snake spring and summer
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chinook are both stream-type (Matthews and Waples 1991). Healey reports that available
information indicates that stream-type chinook move offshore early in their ocean life, whereas
ocean type chinook remain more closely associated with coastal waters (based on He&y 1980a
and 198Ob,  Healey 1983, Miller et al. 1983, Fisher et al. 1983 and 1984, and Hartt and Dell
1986).

Stream-type fish appear to maintain a more offshore distribution throughout their ocean life than
do ocean-type (Healey 1991). Although ocean-type fish are captured offshore in the eastern half
of the North Pacific Ocean, they are much less common there than stream-type fish, whereas the
reverse is true close to the coast. In those areas, for example, stream-type fish make up a
relatively small proportion of the ocean troll catch, generally less than 20%, and significantly less
than one would expect from the proportion of stream-type fish in the regional spawning
populations (Healey 1991). Healey interprets these patterns to mean that maturing stream-type
fish move rather quickly through the coastal marine fisheries to the river estuaries and so are
available for only a short time to harvest by ocean troll and sport fisheries which operate
relatively close to the coasts.

If these patterns are representative of Snake River ocean-type and stream-type fish, it would
explain why Snake spring and summer chinook are subjected to low ocean harvest rates
compared to Snake fall chinook.

If Snake River spring-summer chinook migrate further west in the ocean than do fall chinook,
it might make the former more susceptible to harvest in high seas fisheries, as postulated by
Chapman et al. (1991). Recoveries of CWT spring-summer chinook in those fisheries, however,
is not higher than occurs in the coastal troll and sport fisheries (Gary Morishima personaJ
corn m unications).

3.13 $ocmg

No information is available on the ocean migration and distribution of Snake River sockeye.
Burgner (1991) summarized available information on the ocean distributions of-Nor&American
sockeye and suggests that there may be considerable overlap in migratory distributions of fish
originating from streams between the Alaskan Peninsula and the Columbia River. The principal
ocean feeding area is in the far northeastern portion of the Pa&c Ocean and within the Gulf of
Alaska. Stocks originating from central Alaska, however, appear to mi@ate much further to the
west than fish produced in Southeast Alaska, British Columbia and Wiishingt&based  on French
et al. 1976), likely making the more northern stocks more suscept&le to Japanese high seas
fisheries.

The return migration of Snake River sockeye from their ocean feeding grounds to the Columbia
River likely occurs prior to the major fisheries in the Strait of Juan de Fuca that harvest sookeye
destined for the Fraser River and Puget Sound (PFMC 1992b), thereby avoiding those fisheries.
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3.2 IN-RIVER ADULT MIGRATIONS “:

Adult salmon and steelhead enter the Columbia River from the, Pacific Ocean every month of the
year (Figure 14). The high degree of overlap in tnhing  betiivaen many of the runs illustrates the
mixed-stock nature of fisheribs in the mainsteti”$Tolumbia  E%tteti of up&ream migration for
Snake River salmon are belie&&i to be nearly id&Cal to &Iw nms desti+l for other areas of
the basin. ,/, 1
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4.0 DEXRIPTION  OF EXISTING FISHERIES

This section provides an overview of the major fishery planning processes that can affect Snake
River salmon, followed by descriptions,of  each & &&major  fisheries of interest

.?+
4.1 OVERVIEW OF FISHERId M&d PRoCEtWB

The extensive migrations of subject these stocks to
harvest by numerous fisheri as well as on the high
seas. These fisheries are targeted on &tlthier flslr SbocU 6&t cat& substantial numbers of
co-mingled weaker stocks.

‘5L ,

During these migrations, which may extend:*& e River chinook cross
many jurisdictional boundaries, some of No less than twenty
different entities that manage salmon fish :on Snake River fall
chinook; these include: ;I , * ^,,.,._i 5%

l The Pacific Fisheries Man t Council in the three to 200 mile Fisheries
Conservation Zone off Califmia, Oregon, and Washington;

. The States of Washington, Oregon, Idaho, and California within their respective
territorial waters;

. The State of Alaska within its coastal waters;
* ‘.-

. The Cqnt@an Department of Fisheries and Oceans for the O-200 mile zone off the
east of %&h Cotmbia;‘_-

.‘I
. Vari& @&en tribes @at fish in the ocean, Strait of Juan de Fuca and Puget

Sound (sq&. of the .Jr@or ones being the Quinault, Hoh, Quileute. Makah,
Tulldip,  Swinomish and Lummi);

at are party to the Columbia River Fish Management Plan
Perce, and Warm Springs);

The list is 1 ‘if all ,e##ies that manage fisheries, including non-salmon species, are added.
The above list does n&&&de the Pacific Salmon Commission because it is not a management
entity, nor the North P&z.@ Fisheries Management Council. The latter defers in matters regarding
salmon in Southeast Alaska to decisions that result from the Pacific Salmon Treaty and to the
Alaska Board of Fisheries, though it maintains jurisdiction beyond three miles from the Alaska
Coast.)

,
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Figum 15. Major management jmisdictions within the Pacific Ocean and Bering Se%
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Numerous management policies, processes, and legal factors are involved in developing and
regulating these fisheries. These include the Pacific Salmon Treaty between the United States and
Canada, various treaties between the United States and different Indian tribes, and management
principles described through federal court actions, such as those in U.S. vs. W&~itigto~,  V.8. vs.
Omgon,  and Hoh et al. vs. BaZdtige.  The complexities and interactions between these issues
create a management maze in which harvest impacts to Snake River salmon occur.

The overlapping and diverse management systems that regulate these fisheries as they relate to
Columbia River stocks can be simplified into a hierarchial  framework (Fig. 16). The major
components of the framework are described in the following sections.

4.1.1 Pacific Salmon ntsty

The Pacific Salmon Treaty between the United States and Canada, which became effective in
March 1985, has a potentially significant effect on’some Columbia River chinook runs because
of the limits it imposes on Canadian and Alaskan interceptions. The Treaty established harvest
ceilings for chinook salmon for certain Canadian and Alaskan fisheries-in response to a coastwide
program to rebuild depressed natural stocks of chinook salmon. Ceilings in these fisheries affect
all chinook stocks that utilize those areas, including far-north migrating chinook stocks, such as
Snake River fall chinook.

Fisheries harvesting chinook incidental to other species, and near-terminal and terminal chinook
fisheries not included in Treaty ceilings, were to be managed under -a Treaty “pass-through
provision. Both counties agreed to manage all salmon fisheries in Alaska, British Columbia,
Washington, and Oregon, so that the bulk of .depressed stocks preserved by, the program accrued
principally to spawning escapement.

Four major fisheries, or fishery complexes, were placed under Treaty chinook catch ceilings,
Southeast Alaska all gear, North/Central (N/C) British Columbia all gear, West Coast Vancouver
Island (WCVI) troll, and Georgia Strait sport and troll. Base catch, cqilings for 1985-89 were
approximately 263,000 for each of SE. Alaska and N/C Briti& Columbia, 36q,OOO for WCVI
troll and 275,000 for Georgia Strait sport ‘and troll. In 1990, base catoh ceilings for both S.E.
Alaska and N/C British Columbia were increased by 15% (PSC 1991). In 3991, ceilings in the
S.E. Alaska and N/C British Columbia fisheries reverted back to pm-1990 levels.

The Treaty established the Pacific Salmon Commission (PSC) for implement&g  4ts provisions.
The PSC consists of policy and technical representatives from both countries.. Provis,ions of the
Treaty, which include the setting of harvest ceilings in fisheries of concern, are periodically
negotiated by the PSC members, then sent as recommendations to the federal’gwemmcmts  (State
Department for the United States). These provisions essentially determine how harvests are to be
allocated between the countries and conditions for those harvests.
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Figum 16. Regulatory fnunewotic  for major fisheries affect& Columbia River saImon and
steelhead stocks. Reprinted  from Iniegraed  System Hian  (CBFWA 1991).
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Once fishery conditions and ceilings are agreed to, each country implements appropriate actions
to manage its fisheries (non-chinook fisheries targeted on certain Fraser River stocks are treated
somewhat differently).

Prior to adoption of the Pacific Salmon Treaty, the North Pacific Fisheries Management Council
(NPFMC) was responsible for setting catch quotas in waters north of the Canadian border, in a
manner similar to the process followed by the PFMC (see Section 4.12). NPFMC now defers
to the PSC process for establishment of catch ceilings and to the Alaska Board of Fisheries for
allocating the ceiling for Southeast Alaska between the commercial and sport fisheries (see
Section 4.2.1.2).

The Chinook Technical Committee (CTC) of the PSC recently reported that the rebuilding
response of the spawning escapement indicator stocks is inconsistent with expectations (CTC
1992). There has been a general decline in the proportion of stocks that are classified as
rebuilding, while the proportion of stocks that are not rebuilding has increased. The CTC (1992)
stated that projections for continued poor survival of certain runs, mentioning some upriver
Columbia runs, indicate that results of reducing exploitation rates will be less than originally
required to achieve rebuilding.

4.1.2 Pacific FIshew Manavement  Council

The Pacific Fishery Management Council (PFMC) is a federal entity responsible fos: establishing
harvest levels within 3 to 200 miles off the coasts of California, Oregon and Washing@n;
Fisheries inside 3 miles are under the jurisdictions of the states and treaty tribes and are
to be consistent with PFMC management plans. Off Washington, coastal treaty Indian tribes
exercise jurisdiction over their troll fisheries. All salmon fisheries within three milesof the co@t
are integrated into the annual plan for all coastal waters. The PFMC gains its authority fromthe
Magnuson Fishery Conservation and Management Act. The Couxwit’s  mqanbers  include offkids
from the fisheries agencies of the four states (including Idaho), the Federal govermnent,
Northwest Indian tribes, and industry. i,

Each year the Council submits its recommendations for fishery regimes for the coming season
to the Secretary of Commerce for final adoption. The regimes are developed under the Co
Framework Management Plan, a multi-year management plan that describes the processes by
which the fisheries will be managed During the course of formulating the fishery regimes for the
coming season, state and tribal representatives meet to discuss <how the harvest is to be shared
between ocean and other fisheries not under the jurisdiction of PFMC. Thus the fisheries in each
of the two areas (outside and inside 3 miles) are planned so that the effects of the collective
fisheries are considered, both for allocation and conservation needs.

As a result of litigation in 1982 (Hoh et ~2. vx Buldtige), PFMC is required to establish fishery
regulations that return sufficient harvestable fish to terminal areas for treaty tribes on a run by
run basis, while providing for conversation needs Prior to this time, the Coundl sought to satis&
treaty Indian allocation requirements by aggregating across many rivers and runs. The change in
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1982 resulted in what has now come to be known as “weak stock” management, i.e., managing
for allocation and conservation needs in the ocean on the basis of the weakest stock of salmon.

PFMC manages the ocean chinook fisheries in four primary units, with each having a different
emphasis on stocks of concern:

1) U.S./Canada  border to Cape Falcon - area extends to south of Astoria, primary
stocks of concern are Columbia River fall chinook;

2) Cqpe Falcon to Humbug Mountain - area extends to southern Oregon, primary
stocks of concern are Oregon coastal chinook and Klamath fall chinook;

3) Humbug Mountain  to Horse A4ountuin - area extends to an area south of the
Klamath River in Northern California, the primary stock of concern is Klamath
fall chinook;

4) Horse Mountain to U.S./Mexico border - primary stocks of concern are Central
Valley chinook, of which Sacramento winter-run chinook are listed as threatened
under the ESA.

PFMC sets area-specific harvest quotas for chinook based on objectives and stock status for each
area. Separate quotas are established for treaty Indian and non-treaty fisheries north of Cape
Falcon. Allocation of the non-treaty share between the troll and recreational fisheries is based on
formulas contained in the Framework Management Plan and interport  sharing agreements.

The PFMC must also consider implications of the listing of salmon stocks under the Endangered
Species Act (ESA), and terms of the U.S./Canada Pacific Salmon Treaty in its formulation of
management approaches and regulations for the sahnon fisheries. The Ccwncil’s  proposed plank
and regulations for each season are reviewed and an assessment of impacts is prepared fir those
salmon stocks listed as endangered or threatened under the ISA. These assessments are partof
the process leading to formal adoption of the annual regulatory measures (PFMC 1992b).

No direct management measures for chinook salmon within PFMC were specified in the Pa&o
Salmon Treaty except for a commitment to ensure that the bulk of depressed naturally spawning
chinook stocks, saved as a result of PSC harvest ceilings, accrue principally:to  escapement. The
PFMC’s ocean fisheries on depressed stocks are designed to minimize impacts on sparking
escapements of these depressed stocks (PFMC 1993a). ,..

Columbia River fisheries are managed according to the Columbia River Fish Management Plan
(CKFMP), adopted by the U.S. District Court in 1988. This plan is the successor to a similar one
implemented in the late 1970s called the Columbia River Five-Year Plan. The CKFMP was
developed by the parties to U.S. vs. Oregon to provide a framework within which the parties may

Harvest Management 38 June I993

i
I I I



exercise their rights to conduct fisheries in a coordinated and systematic manner, while pmtecting
and rebuilding upper Columbia River fish runs. Terms for run rebuilding, allocation and operation
of the fisheries are defined by the plan. The CRFMP is at least partly founded upon chinook
rebuilding, though not aimed at Snake River fall chinook, and harvest sharing principles set forth
in the Pacific Salmon Treaty. Parties to the plan are Oregon and Washington and the Y&ma,
Umatilla, Warm Springs and Nez Perce tribes. Unless renewed, the plan will expire no later than
December 31, 1998.

The CRFMP establishes a Technical Advisory Committee (TAC), Production Advisory
Committee (PAC) and a Policy Committee to perform various tasks of implementing the plan.

The Columbia River Compact, an interstate body comprised of Oregon and Washington, is
responsible for establishing the regulations for the fisheries associated ,tith the CRFMP. The
states have jurisdiction over implementing the regulations for their respective fishers. The tribes
have jurisdiction within the boundaries of their reservations and over tribal members fishing off’
reservation.

4.1.4 Ocean and In-liver  AFreemen@

As noted above, representatives for the Xndian tribes and the States of Washington and Oregon
seek agreement on upcoming terminal area fisheries prior to formal agreement on ocean fisheries
by the PFMC. This step in the management process acknowledges the,linkagebetween fisheries
and the effect of one on the other (Fig. 1). This process is sometimes referred to as the “North
of Cape Falcon Fisheries Planning Meetings.” Separate agreements are made between the states
and individual tribes for the various rivers or fisheries of interest. A similar process exists for
fisheries south of Cape Falcon that involves the tribes in the Rlamath area.

4.105 Other Relevant Manaeement  Fomns

Several other forums exist for managing fisheries not directly tied to the salmon management
process shown in Fig. 16. These are only briefly mentioned here.

Fisheries targeted on other species besides salmon off the coasts of California, Oregon and
Washington are managed by PFMC (Fig. 15). A management plan is prepared each year by that
council for the harvests of species of interest. A similar plan is prepared by the North Pacific
Fisheries Management Council for the management of groundfish beyond 3 miles off the coasts
of Alaska (Fig. 15). Groundfish fisheries can affect salmon stocks through their by-catch
(incidental catches).

A new management entity has recently been established called the North Pacific Anadromous
Fish Commission (NPAPC). The NPAFC, which came into existence on February 16 of this year,
replaces another commission that has ended called the International North Pacific Fisheries
Commission (INPFC). The NPAFC consists of four member countries: United States, Canada,
Japan, and Russia The NPAFC is the product of the Convention for the Conservation of
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Anadromous Stocks in the North Pacific Ocean. The Convention prohibits salmon fisheries on
the high seas by member countries and is to help minimize incidental salmon catches by high
seas fisheries directed at non-salmon species. The ban on high seas salmon fishing could provide
some relief to Columbia River salmon and steelhead, though it is likely to of minor consequence
to Snake River stocks (based on information presented in Morishima 119931).

4.2 THEFISHERIES

The primary fisheries of interest to the stocks of concern are described in the following text,
together with a general assessment of their potential impact on Snake River stocks. The emphasis
for marine fisheries is placed on chinook salmon fisheries.

Annual harvest distributions of Snake River fall chinook have been relatively consistent between
fisheries in recent years, with the exception of 1991 (Fig. 17), assuming that Lyons Ferry
Hatchery releases of tagged subyearlings are representative of wild fish catch distribution (see
Section 2.1.1.1). Differences exhibited between 1991 and the other years are believed due to few
tag recoveries in 1991.

All of these fisheries have been addressed more extensively in other reports. This presentation
focuses on conditions and catches in recent years, although a brief historical review is also given.

4.2.1 Southerst  Alaska ‘IhI!. Net and Snoq

This review of Alaska salmon fisheries is limited to waters in Southeast Alaska, where the
principal concern over the effects of Alaska fisheries on Columbia River stocks. exists. Salmon
fisheries occur throughout the marine waters of Southeast Alaska, i.e., the Southeast-Yakutat
Region of the state (Region I). Fishing is conducted with troll, net, and sport gear.

Alaska troll fisheries are limited to Region I. These fisheries occur in state territorial waters
within three miles of the surf zone, and outside three miles in waters under federal jurisdiction.
The troll fishery is the major chinook-directed fishery in Southeast Alaska, traditionally
accounting for about 90 percent of the region’s chinook harvest (PSC 1991).

The net fisheries in Region I are purse seine, drift gillnet, set gillnet, floating fish traps, and
hatchery cost recovery. Restrictions are placed on where each gear can be used. The purse seine
fishery is the most mobile, and least area restricted, of the Region I net fisheries

Most of the sportfishing harvest in Southeast Alaska is in marine waters, and occurs primarily
from mid-April through September, but there are opportunities for fishing the entire year.
Chinook salmon is the preferred species for sportfishing in Southeast Alaska (Suchanek  1991).
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4.2.1.1 HlStO~

The troll fishery had its beginnings in the early 1900’s in the southern districts of Southeast
Alaska The fishery developed with improving gear, vessels, and industry support, and expanded
northward over the next several decades (ADFG 1975). Harvests of chinook salmon reached
sustained average annual levels of more than 500,000 through the first half of this century.
However, these harvests declined rapidly in the 1950’s caused by declines in chinook salmon
abundance.

Troll fishing vessels and equipment improved as the fishery developed, and this made the
fishermen less dependent on daily shore-based support. Effort and harvest in the outer coastal and
offshore areas increased through the 1970’s.

The early commercial net fisheries in Southeast Alaska used several gears including beach seines,
purse seines, gillnets, and traps. Purse seining quickly became the dominant fishing method, in
terms of harvest, once the traps were removed, and power blocks were introduced during the
1960’s. The use of set gillnets was eliminated from the Southeast Area, and restricted to Yakutat
in 1972.

The sport fishery for chinook operated with only minor restrictions through 1975. Restrictive
regulations, including area closures and reduced bag limits, have also been imposed in recent
years to provide for rebuilding of some local chinook stocks (Suchanek 1991). Sport fisheries are
now limited to a portion of the overall catch ceiling set for the S.E. Alaska fisheries.

Following the decline in chinook production in the 1950’s,  the Alaska Board of Fisheries
attempted to restore production .through time, area, and harvest limits on the inside net, troll, and
sport fisheries, but the runs were still depressed in the @e 1970’s. In response, the Board
implemented a 1%year rebuilding program for the Southeast chinook stocks. This program was
started in ,I981 and included reduction and control of harvest levels by implementing selected
closures, and by setting harvest ceilings.

The mixed-stock nature of the Southeast Alaska fisheries, in particular the troll fishery, also
caused concern regarding effects of the fisheries on other depressed chinook salmon stocks
originating outside Alaska This concern led to establishment of guideline harvest levels starting
in 1981. These guideline levels were set by the Board of Fisheries and the North Pacif& Fisheries
Management Council. The process for setting these levels and the managing author&es were
changed by the Pacific Salmon Treaty starting with the 1986 seen:

Some of the chinook salmon populations of concern are produced in transboundary  rivers
(systems that originate in Canada and flow through Alaska). The Board of Fisheries has held to
a phi!osophy,of ‘shared ownership and coordinated management of the transboundary stockd%y
implementing regulations consistent with the terms of the Pacific Salmon Treaty.
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4.2.1.2 Management Pmcess  and Jmisdictions

The State of Alaska has management jurisdiction over fish resources within its boundaries,
including those within 3 miles of its coastline. The responsibility and authority to manage and
protect these resources are placed, by statute, with the Alaska Department of Fish and Game
(ADFG). ADFG regulates harvest within guidelines and criteria established by two other
governmental entities that have important roles affecting  Alaskan fisheries. First, the Alaska
Board of Fisheries is made up of fishing industry and public members appointed by the governor.
The Board sets rules and guidelines for operation of particular fisheries by adopting, as
regulations, specific management plans and criteria that establish fishing methods, locations,
seasons, harvest levels, harvest allocations, and management procedures. The adopted regulations
must be consistent with sustained-yield management, and must result in equitable allocations of
the target resources among competing user groups.

The second entity is the Commercial Fisheries Entry Commission. The Commission is provided
information on the numbers of fish available for harvest in each fishery by the Board of Fisheries.
The Commission uses this information with other economic and historic data to determine the
number of fishermen (permits) that will be allowed to enter each fishery.

ADFG has in-season management flexibility to assure that the intent of regulations adopted by
the Board of Fisheries is achieved. If ADFG determines that continued operation of a fishery
under adopted regulations will result in harvest rates, levels, distributions, or allocations at
variance with the Board’s intent, they can modifL the regulation by an emergency order
procedure.

Annual chinook harvest ceilings are established by the PSC and adopted as regulations~by  the
Alaska Board of Fisheries. The ceilings include a base harvest level plus an additional alloMrce
for state hatchery production increases after the terms of the Pa&c Salmon Treaty. The Board
also allocates the total harvest ceiling among the competing fisheries in Southeast Alaska

The Board has allocated a target ceiling of 20,000 chinook (excluding hatchery add-on) for net
fisheries, although there are currently no chinook-directed net fisheries. The allowance is given
for incidental catches in non-chinookdirected fisheries.

The Board of Fisheries establishes seasons, locations, and methods for recreational fisheries by
adopting specific fishery and area management plans as regulations. The Board incorporates
guidelines and criteria established by the PSC under terms of the Pacific Salmon Treaty into its
regulations. The Board allocates a portion of the chinook salmon harvest ceiling estabtished
through the PSC to the Southeast Alaska recreational fisheries (an additional provision is made
for harvesting fish associated with local hatchery returns). The commercial troll fishery has been
managed to harvest chinook salmon in excess of those taken by the other fisheries, up to the base
ceiling (Suchanek 1991).
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4.2.1.3 Participants

Over 2,500 commercial salmon permits were issued per year between 1987-90 for Southeast
Alaska. Over 60 percent of these are troll permits.

Angler effort (angler-days) in the coastal waters of Southeast Alaska has averaged over 87,000
per year in recent years. The large majority of this effort is directed at salmon. Effort consists
of an increasing number of non-Alaskan residents. In 1989,5 1% of the anglers were non-resident.

4.2.1.4 West

The large majority of chinook caught in Southeast Alaska are taken in troll fisheries (Table 7).
The sport and net fisheries combined take about 20% of the total chinook catch. Total catch has
averaged less than 350,000 fish in recent years. Harvest by the sport fishery has increased since
1977, but especially since 1987.

402.15 Catch Contention  of Listed Stocks

The proportion of the catch consisting of Snake River wild fall chinook has been estimated using
the PSC chinook model (Gary Morishima personal communicatiopts).  Lyons Ferry Hatchery
releases of tagged subyearlings are assumed to be representative of wild fall chinook (CTC 1992).
The catch of Snake fall chinook is consistently less than one fish per 1,000 total chinook caught
(< 0. l%), averaging about one-third per 1,000 catch in both the troll and net/sport fisheries (Table
7; Figs. 18-19).

No estimates have been made of how many Snake River wild spring-summer chinook are caught
in these fisheries. The proportion of these stocks in the catch is thought to be much less th&r fir
Snake fall chinook, however. The exploitation by ocean fisheries of these‘ stocks is considered
to be approximately 10% or less of that estimated for Snake fall chinook.

4.2.2 Blitish Columbia Troll,  Net aud Suor(

Extensive salmon fisheries are conducted throughout the coastal waters of British Columbia and
form the backbone of the Canadian fishing industry on the Pacific Coast (Pearse 1982). Large
catches of chinook are taken by trolling along the West Coast Vancouver Island and the No&
and Central Coasts of the mainland. Canadian troll fisheries are the largest open ocean fisheries
for salmon on the Pacific Coast of North America (PSC 1991). Major sport fisheries occur alortg
Vancouver Island, in the Strait of Georgia, and off northern British Columbia
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Table 7. Catches of chinook salmon in troll, net, and sport fisheties  in Southeast Alaska,
1987-92, md estimated wild Snake River fall chinook (SRFCJ cmht per 1,000
total chinook Ianded.”

Td Net. spa+

YeU Catch sRlw/1000 sRFc/1ooe~ c a t c h SRK!/lOOO

1987 242,025 0.5 15,254 il.0 24,300 0.5

1988 231,281 0.2 21,537 0.0 26,200 0.7

1989 235.73 1 0.4 27,611 0.0 31,100 0.0

1990 287,93  1 0.2 30,043 0.0 51,200 0.7

1991 263,756 0.0 37,627 0.0 60,400 0.3

1992 183,475 NA 3 1,627 NA NA NA

Average 240,700 0.3 27,283 0.0 38,640 0.4
< ,

7 7 - 8 6  A v e .  2 7 2 , 2 0 0 26,500 ~l,oob

II Source: Based on catch composition estimates produced by the PSC chinook model.

4 . 2 . 2 . 1  EIiStO~

The industrialization of salmon fisheries along the coast of BritishColumbia followed the same
pattern as in regions to the north and south, Periods of expansion occurred with new
technologies and markets, as well as being fueled by an almost unrestricted access to harvesting
over much of this century.

The commercial catch of chinook steadily increased be&,@e turn of the century and the mid-
1980’s. This increase was due mainly to increasing interceptions of chinook originating in the
U.S., and especially from the Columbia River (Pear-se 1982). As of 1982, “American fish” were
estimated to account for 40 to 50 percent of t&&at& in+-the north tid central coast areas, 20 to
45 percent in the Strait of Georgia and 70 to 90 percent off the west coast of Vancouver Island
(Pearse 1982).

The commercial salmon fleet in British Columbia today is highly sophisticated, and could be
wnsidered one of the world’s most auhanced-aadf  boat-fleets (&a&~-X%2).  -Sb& the
of limited entry Licensing  in British Columbia, fleet s&e has lb& f&m- le’ high
vessels in 1969 to about 4,300 today (DFO 1992). Howe&: as-& r&&b& of boats has
declined, the power of the remaining fleet has increased due to technological advances. The
recreational fishery for salmon expanded substantially in the 198Os, particularly in the Strait of
Georgia
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The most significant event in the past decade was the ratification of the Pacific Salmon .Treaty,
which now forms the basis for managing much of the chinook harvest in British Columbia. Catch
levels off the West Coast Vancouver Island (WCVI), along the North and Central Coasts, and
in Georgia Strait were reduced as a result of the Treaty.

4.2.2.2 Managememt  Pmcess  and hisdicCons

As described previously, catch ceilings for most of the major chinook fisheries are recommended
by the Pacific Salmon Commission (PSC) to the federal governments of each country. Once
these ceilings are adopted by the Canadian government, implementation of fisheries associated
with these ceilings is handled by the Canadian Department of Fisheries and Oceans (CDFO), a
federal agency. That agency is required to manage the fisheries covered by the Treaty according
to the conditions agreed to through the PSC.

Chinook fisheries managed through the PSC include:

. Troll fisheries off the WCVI, North and Central Coasts, and Strait of Georgia;

. Net fisheries off the North and Central Coasts; and

. Sport fisheries off the North and Central Coasts and Strait of Georgia

The growing WCVI sport fishery does not operate under management regimes established by the
PSC, and until veIy recently, estimates of catches in this fishery (with the exception of the
Barkley Sound area) had not been provided by CDFO to U.S. delegates in the PSC process (not
available for this report).

The DFO manages all other fisheries not considered by the PSC. As noted, however, catch
statistics are not collected in some areas.

Tribal involvement in the management process is not as well defined as in Washington and
Oregon. An umbrella Indian fisheries organization is now participating with governmental
authorities in “co-managing” some elements of the process, which is in a state of transition.

4.2.2.3 Participanis

In 1991, 4,345 vessels actively participated in the salmon fishery off British Columbia: 527
seiners, 1,639 gillnetters, 857 gillnet/trollers  and 1,335 trollers (CDFO 1~992). Vessels targethig
chinook would primarily have been trollers. The troll fleet has declined from 3,200 to the current
2,200 over the past 20 years (PSC 1991). Canadian Indians owned about 20% of the .t&il
privately-owned salmon fleet in 1991 (CDFO 1992).

No recent estimate of the number of recreational angler effort was obtained for this report. An
estimated 1.8 million angler days were expended in the Strait of Georgia in 1980, which probably
comprised 90 percent of the coastwide sportflshing effort in British Columbia (Pearse 1982). The
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large majority of that effort was directed at chinook and coho. Sport effort has likely increased
significantly since then, particularly off the WCVI.

4.2.2.4 Hamest

Approximately 60% of the chinook caught in mixed-stock fisheries off British Columbia are
taken in troll fisheries (Table 8; note that this table only includes catches for mixed-stock areas).
Of these, the majority are caught off the West Coast Vancouver Island. Total catch of chinook
in marine mixed-stock fisheries, not including certain sport fisheries for which no catch estimates
were available at the time of writing, has averaged approximately 860,000 in recent years.

Table 8. Catches of chinook salmon in mabe mixed-stock f&lies off Btitish Columbia,
1987-92, and estimated wild Snake River fall chinook (SRFC) cmght per 1,000 CM
catch.” Catches am shown for 6~11  fishedes  along the West Coast Vancouver bland
(WCVl)  and the No& and Central Coasts (N/C) and in all other tine mixed-stock
fishelies  combined.

II Based on catch composition estimates produced by the PSC chinook model.
Source: CTC (1992).

4.2.2.5 Catch Concentmtion  of Listed Stocks

The proportion of the chinook catch consisting of Snake River wild fall chinook was estimated
using the PSC model, as described in section 4.2.1.5. Results indicate that the highest relative
abundance of Snake fall chinook occurs off the WCVI, where the average catch of this stock per
1,000 total landed averages about 1.5 fish (Pig. 20). The catch of this stock in troll fisheries
further north averages about 0.6 fish per 1,000 total catch (Pig. 21). Relative impacts to Snake
fish is less per 1,000 chinook caught in all other British Columbia fisheries combined (Pig. 22).
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No estimates have been made of how many Snake River wild spring-summer chinook are caught
in these fisheries. The proportion of these stocks in the catch is thought to be much less than for
Snake fall chinook, however. The exploitation by ocean fisheries of these stocks is considered
to be approximately 10% or less of that estimated for Snake fall chinook.

4.2.3 .Wa9hin~n  Manne TkoII. Net sfl

Commercial and recreational salmon fisheries &r@ingwitl$n Washington marine areas can be
grouped into geographic categories that ret g&taliy to maimgement jurisdictions and
approaches as they affect Columbia River -&inook.  The .categories are fisheries in the Puget
Sound/Strait of Juan de Fuca area, fisheries in coastal bays and estuaries, and ocean fisheries.

Treaty Indian and non-treaty fisheries within Puget Sound/Strait of Juan de Fuca are primarily
targeted on large runs of hatchery salmon returning to Puget Sound and wild runs (sockeye and
pink) returning to the north sound and Fraser River. Extensive commercial and sport fisheries
occur throughout these wa@a=q though restriction8  tie irmreased ip r&&t yeas ‘to protect w&
runs of wild salmon. Two tribes conduct troll’fishsiias  within 4ue St& of JuH de Fuca.

Salmon fisheries off the Pacific Coast include treaty Indian and non-treaty commercial troll
fisheries, and the non-treaty sport fishery. Four tribes along the northwest coast of Washington
manage independent troll fisheries. Each tribal fishery operates in a defined area along the coast,
although some of the areas overlap.
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Non-treaty commercial salmon fishing in the ocea&~:ofT  Washington  is limited to trolling. TkS
Washington troll fleet targets chinook and coho s&non; large numbers of pink -s&tonare
harvested in odd-numbered years. The recreational R&&&s primarily target chinook and coho
also; other species are pursued during closures for salmon seasons.

Sri~all numbers of non-local chinook are cat@ in fisheries within ties abag the Washingtolr.
Coast (major ones being Grays Harbor and Willapa  Bay). Some Columbia R.iv#r, chinook CWI
taken in these fisheries.

Tribal fisheries have occurred in some form in the area for centuries. Interference from the arrival
and expansion of the non-Indian population, loss of resources to commercial development@
competing fisheries, and denial of access and opportunity by governmental actions reduced the
tribal fisheries to remnants of what they had been. -the 196Os, tribal fisheries  harvested only
about 10% of the total Puget Sound salmon catch. The federal court ruling of 1974 (U.S. vs.
Iycrrhinglon) changed the status dramatically and opened the way for reestablishing tribal fisheri&
as important components in the over all management picture. ‘Rae tribal fisheries developed
rapidly during the 1970s and 1980s: Ocean troll fisheries have been est&li&&andare  managed
by the Makah,  Quileute, Hoh, and Quinault tribes. Klallam bands also ham  troll #&her& but
these are limited to inside the Strait of Juan de Fuca

The non-treaty commercial fishery began in the late 1800s. The fsshery started as-a low-mobiG@
effort limited mostly to rivers and estuari~ and then developed during the’&& 1900s in@*1
very mobile fleet of purse seine and gillnet vessels.

Any person who applied for a commercial fishing license in Wash&t&s and paid-the fss wuld
get one prior to 1975. Because of this, and the relatively smsall invwtmeat r ttoent8rth6
gillnet fishery, the number of Puget Sound licenses increased from 325.&r 1935 to over 900 by
the mid-1960s. The number of purse seine licenses remained constant at about 375-400
throughout this period. The Salmon License Moratorium Law of 1974 est&lisisaki  m&urn
number of salmon licenses at the numbers issued at that time.

Prior to World War II, the marine sport fishery was fairly limited to @&tions around the major
population centers; such as Seattle, Tacoma, and Everett. The fishery expended rapidly: at’& the
war and soon included all of Puget Sound and the Strait.

Prior to the 1970s the ocean troll fisheqf was virtually unlimiw except for minur wnand
size-limit restri&ns.  The unregulated expansion of th8 fleet, together wi& grad@@ &mini&&
resources, led to conflicts andellocation disputes between the troll &skesyand
and net fisheries. The troll fleet grew in numbers dramatically between 1950 an
were about 1,300 vessels in the fishery in 1951, but by 1967 the number had
Most of this increase was from recreational boats being licensed to make con&n&&d landings.
The use of hand-held recreational gear was eliminated from the fishery by state legislation in
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1973. In addition, the Salmon License Moratorium Law of 1974 placed a ceiling on the number
of Washington commercial troll licenses that is still in effect

The oceau sport fishery experienced a similar pattern of growth and decline as seen in the troll
fisheries. For example, by 1976, there were 569 licenses issued for Washington charter vessels.
A moratorium-and buy-back program was established by the Wa&ington  Legislature, and, by
1990 the number of licenses issued had been reduced to 269.

The ocean fisheries off Washington declined during the 1980s for two principal reasons. The first
was the implementation of weak stock management, exercised initially to protect weak runs of
wild coho salmon, then to protect Columbia River chinook. The second reason was due to the
decline of major chinook stocks in the Columbia River (e.g., Spring Creek Hatchery)’ that
supported much of the ocesn harvest off Washington.

4.2.3.2 ibbngement  Process md &uisajiciions

The tribal troll and net fisheries are managed by the respective tribes under their own
management plans and approaches. This management is coordinated with the State of Washington
using rules and mechanisms established by the Federal Court in U.S. vs. Washingtcw, or as
developed through negotiations of the,parties. Tribal management must also be compatible with,
and is somewhat constrained by, actions and jurisdictions of the PSC and PFMC.

Non-treaty fisheries within, Washington marine waters are managed by the Washington
Department of Fisheries (WDF), consistent with terms of the Pacific Salmon Treaty, sharing
principals established by the Federal Court in U.S. VL Washington end/or by wts wire
tribal managers, and actions of the PFMC. The processes involved in developing annual
management plans were described in Sections 4.1.1,4-l  .2, and 4.1.3. ib&mgmmtdail f&e&s
within these waters has grown immensely complex in recent years in response to the number of
jurisdictions involved and the decline of many wild stocks.

4 3 3 3 Padicipafian

An average of about 800 vessels have participated in the non-treaty troll fishery off Washington
since 1987 (PFMC 1993a). This represents less than 20% of the total avuragenunibor of@olI
vessels that operated over that period in U.S. waters south of the Canad&ur border. ,The number
of vessels participating in the fishery is less than one&ird of what it was in the late 1979S.J

Over this, same period, the annual average number of angler-days expended in the ocean sport
salmon fishery in Wa&ington  waters was about 13Q,OUO. This amount is about25%  ofthe
avetage number of angle&days expended between 1976-80 in the& same waters (PFMC 1993a).

No data on fishery participation for treaty ocean fisheries nor Puget Sound fisheries were
summarized for this report.
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433.4 Halvest

Nearly 80% of the chinook harvest in marine waters between Cape Falcon (near Astoria) and the
Canadian border occurs inside Puget Sound and the Strait of Juan de Fuca (Table 9). Ocean
catches of chinook have declined sharply since the 1970s due to restrictions imposed to protect
Columbia River stocks and a general decline in chinook abundance. The total number of chinook
caught in the ocean north of Cape Falcon has averaged less than 100,000 fish in recent years
(Table 9).

Table 9. Cat&es  of chinook salmon imw mdqllBgoamnllinewalkn8o~ofcape
Fdcon, 1987-92, ad estimitcs number of w#d Snake River fJ1 &inook (SRFC)
crufht per 1,000 tntal ci”

II
Y

Based on catch oomposition  eatimat~  prodd  by the PSC chinook model.
Inoludcs  Strait of Juan da Fuca.
Source: PFMC  (1993) for catch stdbticr.

4.235 catch concentlation of I&M stecks

The number of wild Snake fall chinook caught inside Puget Sound/Strait of Juan de Fuca is
estimated to average about 0.3 fish for every 1,000 chinook landed (Table 9; Fig. 23), based on
PSC chinook modeling results. The CWT recovery data used in the modeling procedures indicate
that the relative abundance of Snake River fish is higher in the Strait than in deep Puget Sound,
howeve.:,
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/

1987 1988 1989 1990 1991 1992
1 ~‘SfFC/lOOO  TOTAL  - TOTAL  CATCH

Pcgm 23. Estimated Snake 4verwild  fall &book cm in Puget Se md St& of slm
de F&a fisherits r 1,000 &&ok lam&d, 198731,d  total chinook b&d,
1987-1991. Data incomplete for 1992.
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Flgme  24. Estimated Snake Rber wild fall chinook cm in oc- Ml ad spert  @biea
north of Cape FaIdon  per 1,000 chinook h&d,  1987-1991, 4 total chinook
l-d, 1987.1992.
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In contrast, the number of wild Sriake fall chinook caught in ocean fisheries north of Cape Falcon
is estimated to average about two fish for every 1,000 chinook landed (Table 9; Fig 24). This
relative abundance exceeds all other marine fishery areas (Pig. 11). onlfr in the~,mainstem
Columbia do catches of Snake River fish per 1,000 chinook landed appear to be higher.

No estimates have been made of how many Snake River wild spring-summer chinook are caught
in these fisheries. The proportion of these stocks in the catch is thoughtta be mu& less than for
Snake River fall chinook, however.. The exploitation of these stocks is considered to be
approximately 10% or less of that estimated for Snake fill chinook.

43.4

Sport and commercial troll fisheries for chinook &non occur all along the coasts of Oregon and
California to south of San Francisco. Chinook are the predominate salmon species off California

4.2.4.1 Histoy

The history of ocean salmon fishing off California and Oregon is similar to that of areas to the
north with regard to fleet expansion, technological advancements, and .the recent decline of the
fishery in response to weak stocka b general&wever, catches of chinook have remained
remarkably stable through the years, attaining record, or near record, levels in 1987 and 1988.

In recent years the chinook fisheries south of Cape Falcon have been constrained to protect the
threatened Sacramento River winter chinook run, and to reduce impacts on Klamath River fall
chinook (PFMC 1993). Sacramento River winter chinook have beeat listed as threatened under
the ESA.

42.4.2 Mmagement Pmcesa and Jnhdictioms

The states of Oregon and California manage commercial troll and recreational fisheries within
their respective boundaries. However, as discuss#\@ve  for Washington ,marine fisheries, state
regulation of salmon fisheries must be in harmony with PFMC regulations and management
objectives. The PFMC sets harvest ceilings, seasons, area/time ciosures, riiid other restrictions on
the fisheries.

The Oregon and California fisheries are contained in PPMC management plaqmg for the-area
south of Cape Falcon.

.,

4.4.43 Pmlicipafion

An average of about 3,700 vessels have participated in the troll, fisheries o& Ore&n an!
Cahfomia since 1987 (PFMC 1993). This is less than on&htif the. number of ve~@s’iihla$
operated in these fisheries in $be late 1970s. ’

,:( ,:
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Over this same period, an annual average number of angler-&ys expended in the ocean sport
salmon fisheries off Oregon and California was about 430,000, roughly 9@!% of the 1976-80
average (PFMC 1993).

42.4.4 Harvest

Harvests of chinook salmon in both the California and Oregon troll fisheries have increased since
1971. The fiveyear mean catch for California increased from 563,000 for 1971-1975.  to 795,ooO
for 1986-1990. The Oregon five-year mean harvest increased f%oti 203,000 to 397,000 for #be
same periods. Chinook harvests in the recreational fisheries have not varied much during this
time. The California recreational fishery averaged 17~,000 @rook per year in 1971-1975,  and
166,000 per year in 1986-1990. The Oregon fishery averaged 41,000 and 36,000 during the same
periods. Catches for 1987-92 are shown in Table .lO.

Table 10. Commer&l and sport catches of chinook saboa in manine watm off CMifomia mud
Ongon soutb of Cape Falcon, 1987-92.

YOU Tmu~ spoti dr.wb
1987 1,400,400 247,100

1988 1,785,100 209,100

1989 883,800 217200

1990 653,600 163,000

1991 368,900 94,300

1992 267,W 84.100

Ave 1,018,400 186,140

76-86 Ave. 71ojw L 129,3QO

Source: PFMC  (1993).

424.4 Catch Concentntfion  of Listed Stocks

Snake River fall chinook are assumed to be distributed throughout the area between Cape Falcon
and Northern California, based on recoveries of Lyons Ferry Hatchery releases. Estimates of catch
concentration for Snake fall chinook have not been made by year for.this area as was done for
north of’ Cape Falcon using the PSC chinook model. Appl&ation’ of that. model b limited to
fisheries north of Cape F&on. The chinook model used in the PFB#C plan&g prow& does not
incorporate stock composition data in the manner applied in the’ PSC model.
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We therefore estimated an overall average number of witd Snake River fall chinook caught per
1,000 chinook landed by a simple comparison of CWT recoveries of Lyons Ferry Hatchery fish
north (to the U.S./Canada border) and south of Cape Falcon. Data for brood years 1984-86 were
used. The estimated numbers of tagged fish caught in U.S. fisheries in 1987 to 1991 were nearly
equal in each catch arex 59 and 62 tagged fish for north and jouth of Cape Falcon, respectively.
We assumed therefore that the numbers of wiI16 Snake fall chinook caught in these two areas was
approximately equal in these catch years and scaled the estimate of Snake fish per 1,000 chinook
caught to the number estimated north of Cape Falcon.

This procedure gives an average estimate of 0.2 Snake River fall chinook per 1,000 chinook
landed for catch years i987-91 south of Cape Falcon (Fig. 13). The concentration of this stock
relative to other chinook stocks in the catch is higher, ho’wever,  off Oregon than off California,
as seen in the distribution of CWT recoveries. We made no attempt to estimate catch
concentration for areas smaller than the entire range of chinook south of Cape Falcon.

4.25 Columbia River

Extensive commercial and recreational fisheries occur .below the confluence of the Sn&e River
that potentially impact Snake River stocks. Limited ceremonial and subsistence fisheries can also
occur within the Snake subbasin by tribal fishers.

The principal fishing locatjons of tribal fishers occur in Zone 6, which extends for 130 miles
upstream of the Bonneville Dam (Fig 25). Fishing is by set gillnet, dipnet and hook and line.
Commercial and ceremonial and subsistence fisheries occur in that area.

Non-Indian commercial fishing takes place in the 140 miles of river below Bonneville Dam
(Zones l-5). Fishing is conducted using drift gillnets. Neither Oregon nor Washington allow
commercial fishingwithin the tributaries that produ&@jor runs of salmon and steelhead in this
arq these include the Willamette, Cowlitz and LewEivers.

The sport fishery below the Snake conf@nce  OCCUPI, principally below Bonneville Dam. The
fishery in this reach consists of the “lower Columbia &he@, between Bonn and the
Astoria-Megler Bridge;’ and the Buoy lO,:@hery, which occurs in the estuary Astoria-
Megler Bridge. Extensive sport f&e&:&r salmon also occur in some tr@@aries below
Bonneville, such as inthe Willanmtte, Cowlib and ‘~wir%vers.

4.2.5.1 Histoy
-<

Salmon fisheries have occurred in the Columbia River for countless generations by tribal fishers.
The abundant salmon runs gave rise to much: more intensive fisheriea’tier  the arrival of non-
Indians, followed & t@ decline of the wild runs, as has bee& wel) documented elsewhere.

SC
‘.
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The commercial fisheries that developed above Bonneville Dam (Zone 6) remained open to both
Indians and non-Indians until 1956, when Celio Falls was inundated by the completion of llie
D&s Dam. This event ended centuries of tribal fishing at thislocatisn.  In 1957, joint aeti&n’of
Oregon and Washington closed Zone 6 to commercial fishing. Treaty Indian  fishing that occurred
there between 195768  was by tribal ordinance.

As a result of Pnydlrrp vs. Wahington,  the states reestablished commercial fishing above
Bonneville Dam in 1968, for exclusive use by tribal fishers (WDF/ODFW  1992). In 1969, the
Zone 6 fishery was shaped in regard to area, river mouth closures, dam sane&a&s,  and gear
regulations. The upper commercial fishing deadline was raised to the mouth oP; the UntaMa
River. The fishery is now conducted mainly with set gillnets, though dipnetting &curs fm
scaffolds erected near the Bonneville and Dalles dams (WDF/ODFW  1992).

As a result of U.S. IV. Ollegoa, provision was made in 1974 to enable thetribes to secure up ido
50% of the harvestable number of fish, as well as to participate in the~~~&&ve
of the runs. Tribal .fisheries include both commercial Gshing and ,harvegt for o&emoniJ ad
subsistence purposes. ,-

Commercial fishing by non-Indians in the river is a history of booms and busts. :I%@: to @&I
decline of upriver wild runs, the numbers of days open to commweial; fishing &el@wMlb
Dam has declined dramatically over the past 50 years. No summer s&son his o&e@rmd ipin&
1964 and no spring season since 1977. No sockeysseason  occur& in 1873&3’tiin 19g9rtrg
present. No August season occurred in 1980-86 (WDMDm. 1992). Hatchery  mndavb’l
supported the fisheries in the past two decades.

The recreationel fisheries have generally expe&rced iwdsed angling iogrporttfnitiss~fM~Q984
to present due to increased abundance of sorn& runs, &&ably lowurtiver -m&~
upriver fall chinook runs. The Buoy 10 fishery has become ex@wmly popt&~ 1 ’ *I

Columbia River fisheries are managed according to the Columbia River Pw #Wqpmimt  PI&r
(CRFMP; see Section 4.1), adopted &y the US. Distri& Court in ,198s. T’!&+@~  pr&i&‘Y
framework for defining allocations between &eaty and non&eaty  Asherie& ~IIH! spaMing
escapements for the major upriver runs of salmon and steelhead. The process for establishing
fisheries was described in Sect&~~ 4.1.3 and -4i1.4. The: reader should refer to Be a&M;~lan
for details on how harvest levels and Jlocations  are defined for various siz& of ‘&a&h r@or m.

/ _.” _

The plan provides no specific provisions for addressing spawning esoapements of indiMual  fish
populations like those produced in the Snake River system. Harvest levels are OP &ees@idhed
on the basis of the sizes of population aggregates passing specif dam*. !.
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4 . 2 5 3 Hawest

The harvest of all fall chinook in the Columbia River has averaged about 280,000 dsh since 1987
(Table 11). This compares to catches of between 400,000 to 800,000 fish during the &O’s
About 65% of the average since 1987 has consisted of fish comprising the up-river run and mid-
Columbia bright run; all of these are produced above Bonneville and inclnde hatchery and wild
fish. Snake River fall chinook are considered a part of the up-river bright run, comprising less
than one percent of this chinook run (Columbia River Technical StaRs 1992).

The catch of lower river fall chinook stocks, fish produced below Bonneville, has averaged
slightly less than 100,000 fish annually since 1987 (Tao 11). The large rmjority of the$e fpsh
are of hatchery origin. These stocks are caught predominantly in non-treaty fisheries.

The harvest of spring chinook in the mainstem Columbia River has averaged about 25,000 fish
annually since 1987 (Table $2). Approximately 6O?h of these fish are produced by runs
originating below Bonneville Dam, principally in thewillamette. On average 25,000 additional
spring chinook are harvested by sport fisheries in tributaries below Bonnevill&  the large majority
in the Willamette.

An average of nearly 10,000 spring chinook have been harvested from runs produoed upstream
of Bonneville since 1987, with over 60% of these being taken by the treaty Indian fishery  in
Zone 6 (Table 12). The large majority of the treaty catch is taken for ceremonial and subsistence
purposes. Still, these ceremonial and subsistence catches have not been r&qua& to~provide the
minimum amount allowed by the CRFMP, including catches of summer chinook.

Non-treaty catches of summer chinook since 1987 are estimated to be zero (Table 13). An
average of less than 800 summer chinook is estimated to have been caught in treaty fisheries
during this time, all being taken incidentally in fisheries  directed at so&we. No summerehinook
directed fisheries have occurred on the river since 1965.

4.2.5.4 Catch  Cencentmtlon  of I&ted Stock

An estimated average of three Snake River wild fall chinook have been caught for each l,ooO
total fall chinook caught in the Columbia River since 1987 (Table 11; Pig.26);based on e&Wes
of stock composition from Joint Technical Staffs (1992).

It should be noted, as was discussed in Section 2 that if the Join StafW estimates of darh
conversion for fall chinook are excessively high, then their estimates of Snake f& chinook run
size and catch would also be high (their estimates of dam conversion rates are used in run
reconstrwtion). If dam conversion is closer to 5 % loss per dam (basedon  Chapman et al. 1991),
then the estimated average number of Snake fall chinook per 1,000 chinook landed would be
closer to 1.5 since 1987 (values estimated for all fisheries in this report would dewease  by about
50%).
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Table 11. Cat&es of adult fall chinook in the mainstem Columbia River urd estimated wild Snake  River fall chinook (SRFC) caght
per I#00 tow catch?

1988
I

l!so,700
I

121,oal 19,700 140,700

1989 1 134,800 1 93,600 18,300 111,900

1990 Wa 39,400 woo 47,soo

1991 55,900 27,100 10,300 37,400

1992 %m 12,000 7,300 19,300

Ave. 99,933 70,567 14,117 84,683

77-86 Ave 38,100 4,600 42,700

1,gof) I 197,700 SJOO 223,100
I

516,400

0
I

37,700 24200 57,900 304,600
I

200 5,300 8,800 14,100 146,700

400 13,400 10,400 23,800 117,soo

UK)1 4,900 10,900 15,soo 1 64,300

583 I 75,867 18,650 94,517 279,717

500 6,400 57,3Ul 160,700

I! Bad 011 Joint Tedmial  St&b (1992) ad PFMC (1%).

SFRCI
1000

2.4

3.8

2.3

1.4

4.2

3.9

3.0



Table 12. Catches of adult spting chinook in the mainstem  Columbia River, 1987-92.”

1992 5,800 200 1,200 1,400 4,900 4,100 9,000 16,200

Ave. 6,150 1,800 1,350 3,150 11,500 4,233 15,733 25,033

77-86 ave. 5,600 1,300 1,700 3,000 7,400 2,600 10,opO 18,600

” Based on Joint Technical Staffs (1992) and PFMC (1993).
source: Does not includa  sport eat&Is in cowlitz  and Lewis

-
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soufos:  FTlbic  (1993).

Table 14. IWimated wild SaJrt River spy& &book @$SC!J  cqht per
1,000 totai catch of sping chinook in the mainsCm Columbia
River, 1987-91.”

1987 12.8 132.2 50.8

1988 50.0 175.4 79.4

1989 12.8 107.6 38.6

1990 15.6 90.0 29.5

1991 16.5 118.0 35.2

Ave 21.5 124.6 46.7

Y From Joint Teohnical  Staff8  (1992).
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Estimates of the number of Snake River spring chinook caught per 1,000 total spring chinook
landed in the mainstem Columbia since 1987 diffier significantly W treaty and non-treaty
fisheries (Table 14). Non-treaty fisheries operate on a larger quantity of fish, consisting of large
numbers of fish that are produced in tributaries below Bonneville. For all mainstem fisheries
combined, an estimated average of 47 wild Snake River spring chinook have been caught for
every 1,000 total spring chinook landed since 1987 (Table 14.)

COLUMBIA R. - ALL FALL CHINOOK

0.0 a
1987 1988 1999 1990 1991 1992

m sm/1000 TOTAL  - TOW. CAra 1

Figwe 26. Estbmted Snake Riverwild fall chinook cmght in the Columbia River per 1,000 I
chinook landed, 1987-1991, ad totJ chinook lmd@, 19S7-1992. /
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5.0 HARWSTMANAGEMENTSTRA-

Harvest impacts to Snake River salmon are tho consequence of&se fish being intermingled&h
healthier fish populations that 8te targeted by fishesiet~ Ofti stocks of interestin this xe#wt,
fishing mortality is highest on Snake River fall chinook, whichsam curre@ly su?@tedto a tutal
exploitation rate in ew of 60% on a broodyear ba& TlGpopulation  of i’lahiscaught in all
of the major marine mixed stock fisheries between Northern California and Al& In addition,
the adults of this population migrate up the Columbia River at the same time as do some of the
major salmon runs that support significant~flsheriea  in the mainstem. These healthierruns  cons&t
of both wild and hatchery  stocka

Impacts by ocean fisheries is much less on Snake River spring-summer chinook and sockeye than
on fall chinook. The ocean exploitation rate on spring chinook appears to be less than 5%. The
rate may be slightly higher on summer chinook. No es&~& lube&n made fbr sockeye, but it
is likely no more than the rate for spring chinook. Total exploitation rates on these populations,
therefore, including harvests in the Columbia River, appears do be less than 16% in reeentyears,
with that rate occurring on spring chinook. To@d ~loitation rates are likely leas on OthtW
populations. ,.

Based simply on the proportion of these populations that are kill&by harveat& rlme.larg&
potential benefits torecovery  that could be gained through harvest measures exist w&Snake fUl
chinook (see Figs. 4 and 10). Harvest measures alone, however,  even with the complete
elimination of all fishing mortality, would likely be inadequate to achieve a recovered. and
sustainable population of fall chinook (see Figs. 8-9). There is uncertainty in what level of
mortality the population can sustain, given the unciertaintj. in pro&+&y estimates.-

.: ii :
Much smaller potential benqsits appear to exist for spring-summer &&nook  and so&ye .hm fiw
fall chinook, based solely a arS amount of f3shingm&tallty  estimated
these populations. Total elimination of fishing mortal@ on theaa s&n&s in
remedial actions would likely be of limited benefit to the populations.

Alternative harvest management stmtegies exist thettlteoretically  ouuldbe impIement&&&uue
these harvest imm on Snake Rives salmon. In reality, ho-, aomeof*
be extremely difficult to implemen%  if not impo
distribution and timing In addition, some of th
size lEorecrrsting  capabKties for chinook, both for tba
comprising the major mixed&&k areq aswaN.
to be quite poor for chinook with a few except&@ su& ti fbr Rob;irtts(HI.&tixon Visnea~rir%r
Island (Gary Morishima  pe~oad  cornrnu~~ns)~

We have made no attempt to analyze the merits or potential problems with strategies described
in the f&lowing  sections, other than in a very cursory manner. Serious attempts to implemti
any of these strategies would require a comprehen&e  ana&&, *. ,’

Most of the strategies described here are variations of the two most commonly referred to salmon
management approaches, escapement goal and harvest rate management. (PSC,,%I99I).  Both
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approaches result in increasing harvest as stock abundance increases, and decreasing harvest as
stock abundance decreases. Under escapement goal management, the objective is to annually
regulate harvest depending on abundance so as to achieve a particular spawning sent level.
Under harvest rate management, the objective is. to achieve a particular exploita&m rate (a
maximum rate in the case of recovery) on the stock, with both oat& and escapem@t  fluctuating
depending on abundance (PSC 1991). Both approaches m intended to control harvest to levels
that a stock can sustain.

The strategies described below are treated scpatately;  although it wouldbe  likely that certain
combinations of strategies, or their components, would be used In atbmptia ti, implsfi&t
harvest management measures for recovery purposes.

5.1 SINGLE WEAK STOCK MANAGEMENT

This management strategy recognizes that inherent differences exist in productivities between
stocks intermingled in mixed-stock areas, and attempts to limit huvest  on the basis of the‘single
weakest stock each year. Different stocks might be limiting in different years.

Most of the major fisheries along the coast, including those in the Columbia River, have openrted
under a “strong stock” concept over most of this century. To some extent, many of these fish&
still operate in such a manner although consideration is now being given to the needs of weaker
stocks.

This strategy was originally developed as a way of limiting fishery impacts in mixed-stock areas
to both the allocation and reproductive requirements associated with the stock identified to be
weakest. Th43  concept of weak stock management is currently be&g used to varying degree&in
developing management plans off Washington; Oregon and Bia’ (PfFMC 1992a). sirnil&
considerations are also being given for some Columbia River fisheries (Joint Technical Staf%
1992).

Management for the “weakest stock” is nearly impossible to imphxnent  in re&ty, however,
without vastly improved knowledge about stoek composition in each fishery are& a clearer
definition of stocks and their productiviti6s,- and explicit management objectives and decision
criteria for each major fishery. Notwithstanding its limitations, a formalipsd  stock management
approach could be implemented in one or more of the fisheries that curr&$ htrrvest Snaks; River
salmon. To implemeplt such a strategy would re+ire a &ar set of &c&ion rules and manag@tent
criteria for each fishery  of con-. Most formsof so called weak stock man-t today
operate without such rules and criteria, making.the design of annual management plans stibjs&t
to poorly defined objectives and negotiation between parties.

Strict weak stock management for Snake River salmon form&ted m the basis of the limits of
sustainable exploitation rates (see Figure 9) could potentially lead to massive  reductions ar
elimination of fisheries across the range where these stocks are located. Given the potential of
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Snake River fall chinook to be located in nearly every marine fishery along the&s& this could
change the face of salmon fisheries radically. Fisheries would be forced to terminal areas. Within
the Columbia, fisheries would to a large extent be moved to ths tributarius wherb~.:surplus
production of individual stocks could be harvested.

Single weak stock management would be impler&xrted  on the baaia of a minimum -mart
goal for each Snake River stock or by setting a maximum‘total  uxploitation’ratu fbr al1 fiishsriw
combined. In either case, great difficulty would exist in equitably allocating the allewle imp&
b&w- all of the fisheries that harvest the stock. The allowable exploitation rate would need to
be defined within a context of how much mortality would be allowed &zMherhuman-Muted
SOuTCeS.

Implementation could be given to allowing a sliding t&ale of impacts in response  to annual
variations in abundance of the stock of concern, although&e problems stated earlier about-e&
forecasting techniques would likely make this unfeasible.

,‘_

5.2 MULTIPLE WEAK STOCK MANAGEMENT

This approach would incorporate the status of more than one stock in determining the allewable
impacts within various fisheries. If for example, five different potentially .+Meak stacks rrcr@f
concern to the fisheries of a region, then the status of all five would  be cxm&ked ia tilrg
harvest levels. Status levels would be defined for each stock of concern. For example, if the
status of each stock is defined as being within one of three levels, with Level 1 being the most
depressed, then the allowable harvest for all -fIsheriestweuld:be-ietrby  a pm&&s&&rule that
defines harvest impacts by how many stocks  are a& ~Levd  1, Level-2, and Q&d 3. All fisheries
managed under such an approach would be cunme&h ycwr! acaM& b c6nsi~pre-
detwmined  stepped harvest amounts overt range of a&a far the atucks:& e
Capabilities for making good preseason ruu~sizepibjec&ns  H mak03his s&U& ciif&&
to implement. A simpler variation would be bo stkkal Q4%givell lLNqduddn*~w
various areas, and make decisions about fishe sson -the basi3of the status of those
wmw-

‘, r” :r .1( .:
If the number of stocks that are potentially threatened grows, this concept may offer a structured
way of developing fishery rules that incorporate the status of many stocks. Such an approach
would provide more stability to mixed stock fish&s than wouhl  dlce\ri &Me& aingMveak stuck
management. The approach would not be adequate to fully protect a single stock that is
perennially weak compared to the-others. A Aibat
possibility, making the approach at that point i-. ~.

This concept has been developed for possible implementation with c&o Asheries’Rorth f C%&
Falcon (Western Washington Tribes 1988) and who fisheries ofY the We& Coast Vmoouvor
Island (U.S. Southern Panel 1992). ., 4.
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53 TIM&AREA SEPARATION

This strategy attempts to design fisheries in a manner to minimize mixed-stock conflicts by
harvesting at times and places before stocks come together or at&r they separate along their
migration paths. The concept would likely be impractical in the ocean given the highly mixed
nature of the populations and the likelihood that Snake fall chinook are so widely distributed,
especially with the limited amount af data currently available on ocean distribution pattams. It
should be noted also that the in-river run timing of Snake River fall chinook is likely typical o f
wild fish, which almost always is much more protracted than for hatch&y fish, making time
separation more dif&ult to manage for.

This concept is sometimes combined with enhancement efforts in order to create hatchery runs
that return to locations in a manner that allows full harvest without impacting wild runs. The
Yotmgs Bay enhancement project is an example of area separation of rsbcks..Early returning runs
of hatchery steelhead in many streams are an example of time separation; allowing for high
harvest rates on hatchery fish without impacting later running wild fish. In these cases, the use
of wild broodstocks, or at least the maintenance of wild type characteristics such as run timing,
is not preferred.

Time-area separation is the basis for some of the harvest management actions now in place f6r
Columbia River fisheries. For example, the nowtreaty commercial spring chinook fishery is
limited to the “winter season” to avoid excessive impacts on the wild Upriver stocks that migrate
later.

Some opportunities likely exist for further  developing the use of time-area separation in managing
certain Columbia River fisheries. Current policies of Oregon and Washington prohibit non-trew
commercial fishing in the tributaries that support major runs of fish. Those areas are managed
solely for the recreational fisheries. Consideration could be given to re-examining  these policies
in light of ESA concerns. Twenty years of management under U.S. vs. Washgton  in Puget
Sound and along the Washington Coast have demo- that commercial and sport f&heries
can co-exist in rivers often smaller than Columbia tributaries. Hatchery re-programming OoIsld
occur so that hatchery production is more clearly linked to specific harvesting strategies that
minimize conflicts with the ESA.

5.4 SELECJIVEHARVESTFISHEIUES

Most fisheries today cannot discriminate between the v&w stocks of fish that are present ig
a particular area Those that do use some form of live capture technique, such as hook and line,
beach seine, purse seine or trap, combined with visual identification of the origin of the fish, as
by a mark. Fisheries have a greater capability, however, to select on the basis of ti. This
occurs in most or all sport and troll salmon fisheries on the Pacific Coast (undersized fish must
be released).
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Selective fisheries on the basis of visual identitI&tio&+Gnar.. iscurrently being co&U&d by
the Washington Department of Fisheries fm coho in ‘~Sound,.. That agency haa propo&
marking all hatchery coho salmon that are released into&get Sound for tho~~reducir&
harvest impacts on wild stocks. Fish would be marked with a ventral fin clip. Returning hatchery
adults could then be positively identified in sport, and perhaps purse seine, fisheries. Wild fish
would need to be released. Similar ideas might be considered for hatchery chinook in the
Columbia Basin, although chinook appear to suffer higher mortalities following capture and
release. Also, the multiple age structure of chinook populations would subject fish to repeated
capture if the method was used in ocesn fisheries. Such an approach would likely have more
potential in hook and line fisheries within the mainstem Columbia.

These techniques could not be used for managing the mainstem gillnet  fisheries. Incentives could
be provided, however, to encourage the development of trapping methods that would allow for
live capture by commercial fisheries.

The concept of using size selection in fisheries may be of benefit to Snake River chinook.
Fisheries might be developed in the Columbia, for example, that harvest a much greater
proportion of smaller and younger fish, thereby reducing impacts on older age classes. This
would increase the potential productivity of the spawning escapement (see Section 2.5).

Certain chinook fisheries in British Columbia and Alaska are currently managed through ceilings
set by the PSC. Although the approach as currently designed is regarded by many as inadequate
to meet the needs of fisheries and stocks, it could be redesigned to make it more effective (PSC
1991). One approach being considered is to allow the ceilings to change in response to years of
exceptional survival or because of low abundance of stocks of concern. This latter situation would
incorporate something like the procedure described under Multiple Weak Stock Management.

5.6 INCREASED HA-Y PRODUCI’ION  AND CA’ICH  CEiLINGS

This strategy would consist of dramatically increasing hatchery production from Columbia River
hatcheries, as well as from other hatcheries that contribute heavily to major mixed-stock fishing
areas, in order to decrease the concentrations of Snake River chinook within those areas. The
concept, sometimes referred to as “flooding”, would also incorporate catch ceilings in the major
fisheries. Theoretically, catch levels could then be maintained while decreasing exploitation rates
on Snake River fish.

This concept would incorporate new terminal area fisheries, or expanded fisheries, to harvest the
increased returns of hatchery fish. These fisheries would be located to avoid impacting returning
runs of Snake River fish.
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The feasibility of succes&liy implementing this kind of a strategy on the scale that would be
required is questionable. Such an apprwch would al& likely result in la@& &xpluses of hatchery
fish in areas because of harvest constraints to protect weaker stocks.
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