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Dear Mr. Chamut and Mz, Blum:

The removal of adipose fins to distinguish between hatchery and wild production has been proposed by -
several participants in the Salmon Summit and Northwest Power Planning Council and is being reviewed
by the PSMFC Mark Committee  Since the inception of the coded-wire-tag (CWT) program, Canadian
and U.S. fisheries agencies have, by mutual agreement, removed adipose fins from coho and chinook
exclusively to identify coded-wire-tagged fish.

The CWT program is an integral part of the coastwide assessment program for chinook and ¢oho salmon
stocks and fisheries. The necessity of maintaining a viable, coastwide CWT program was recognized in
the Memorandum of Understanding, Section B (Data Sharing) accompanying the Pacific Salmon Treaty:
"The Parties agree to maintain a coded-wire tagging and recapture program designed to provide
statistically reliable data for stock assessments and fishery evaluations."

The Chinook Technical Committee (CTC) discussed the proposal and is strongly opposed to the use of
adipose clips to mass-mark hatchery fish. This practice would render the CWT program nearly useless
4s a management tool. The presence of large numbers of adipose-clipped fish without CWT’s may make
it infeasible to sample and recover adequate numbers of CWT’s for reliable Statistical analysis.

The maintenance of a viable CWT program is essential. No other data and/or methods exist that are
currently capable of providing the information required to evaluate the effectiveness of chinook and coho
fishery management actions undertaken by the PSC. The CWT program provides information on stock
exploitation patterns and rates, and survivals. It is required for evaluating the effectiveness of
management actions undertaken by the Pacific Salmon Commission (PSC) to rebuild chinook stocks. If
adipose clips are used on untagged hatchery fish, coastwide assessments of the chinook rebuilding
program simply cannot be completed

Several substantial management problems would result if the adipose fins were to be removed fiom large
numbers of untagged hatchery-reared chinook and coho. Some of these are listed here.



(D

@

@)

@

)

(©)
(7

CWT recovery data could no longer be utilized to evatuate fishery impacts on wild populations,
Examples include: (a) if fish with adipose-clips are selectively harvested, catch and incidental
fishing mortalities would differ for tagged and untagged fish; (b) it would be nearly impossible
to collect adequate CWT recovery data to permit analysis of wild fish tagging experiments
involving relatively small releases.

The ability to estimate interceptions and determine the degree to which allocation objectives and
obligations are achieved would be seriously compromised.

If implemented, groups and’ agencies involved in the coastwide tagging program is highly
uncertain. For example, the selective harvest of clipped fish may lead an agency to discontinue
clipping (and tagging) fish.

Un-clipped populations would be subjected to increased: incidentat fishing mortalities of unknown
magnitade.

Handling and fin clipping larger numbers of hatchery fish will increase mortality and
subsequently reduce their abundance in ocean fisheries. In fisheries with catch ceilings, this.
change in stock composition wilt increase exploitation on the natural stocks.

A variety of scientific experiments that depend on CWT’s would be disrupted.

Management procedures {e g. run-size forecasting, in-season abundance estimation) that depend
on CWT’s would have to be eliminated, revised, or replaced.

We urge the PSC Commissioners to take a strong stand against the use of adipose fins to. mass-mark
hatchery-reared chinook and coho  Other methods of mass-marking hatchery fish are available if
necessary, but the removal of the adipose fin from untagged fish would destroy a long-standing program
of international cooperation in the use of the CWT as an important management tool.

“ v \/%L»qu,. comela. %M/?M

im t Norma Sands Brian Riddeli
U S. CTC Co-Chair U.S. CIC Co-Chair Canada CTC Co-Chair

Chinook Technical Committee
Coho Technical Committee
Data Sharing Committee

PSC Commissioners



PREFACE

In early 2004, the Pacific Salmon Commission (PSC) convened a panel of experts in various
fields of fisheries science to examine the current status of the coded wire tag (CWT) system and
to develop findings and recommendations concerning the future of the CWT system in PSC
management. Expert Panel members were selected by Commissioners of the PSC and the PSC’s
Committee on Scientific Cooperation (CSC). One CSC member (Hankin) was asked to serve as
Chair of the Expert Panel. Initial activities of Panel members included review of a selected set of
background papers (see http://www.psc.org/info_codedwiretagreview.htm) and attendance at a
four day workshop held from 7-10 June 2004 in Seattle, WA. The first three days of this
workshop consisted of invited presentations on three themes:

1. The advice required by agencies and the PSC, which currently depend on data provided by
the CWT program;

2. A technical review of the current CWT program, including the issues surrounding the
adequacy of CWT data, current levels of uncertainty, and modifications that would address
the concerns identified, as well as the costs of the program; and

3. Areview and evaluation of alternative technologies that might enhance or replace all or part
of the CWT program.

The fourth day of the workshop was devoted to internal Panel discussions of materials,
presentations and issues relevant to fulfilling its charge.

In announcing the workshop, the PSC charged the Expert Panel with addressing a very specific
issue of concern (estimation of age- and fishery-specific mortality rates of salmon from natural
stocks in the context of mass marking and mark-selective fisheries) but at the same time charged
the Panel with exploring a much broader set of concerns:

The workshop is intended to examine limitations of the CWT program and to evaluate
the capacity of alternative technologies to provide data to improve assessment of
Chinook and coho salmon. While the charge for the workshop is from the Pacific
Salmon Commission and concern for our ability to estimate age and stock specific
mortality rates by fishery, these data have many other uses (e.g., monitoring
compliance with jeopardy standards established pursuant to the U.S. Endangered
Species Act and for hatchery-specific experiments). Also, data collected using
alternative technologies (such as genetic information, otolith marks, or other tags)
may provide opportunities to augment a modified CWT-based system.

Panel efforts to address the specific issue of concern identified above inexorably led us to engage
in a much broader review of a large number of fundamental issues that concern management of
salmon fisheries by the Pacific Salmon Commission. The findings and recommendations that we
present in this report address fundamental assumptions or concerns that we identified through our
review and which, in general, concern the basic infrastructure that may be needed to support
future salmon management by the PSC.

Following the workshop, individual Panel members were asked to prepare specific sections of the
Panel’s report and to respond to a preliminary set of findings. The full Panel met again in Seattle
on 18 October 2004 to discuss a rough version of a draft report. Following this meeting, a second
draft report focusing primarily on Findings and Recommendations was developed and was the



subject of a second full Panel meeting in Vancouver, BC on 14-15 January 2005. Preparation of
a draft final report was the subject of a third full Panel meeting in Seattle on 13-14 May 2005.

In late June 2005, the draft final report was revised and sent out for peer review to Dr. Terry
Quinn (population dynamics and sampling theory), University of Alaska, Juneau, AK; Dr. John
Skalski (statistics), University of Washington, Seattle, WA; Dr. Don Campton (fish genetics), US
Fish and Wildlife Service, Abernathy, WA; Dr. Carl Walters (population dynamics and fishery
management theory), University of British Columbia, and Dr. Peter Lawson (fishery
management), NOAA Fisheries, Newport, OR. Following receipt of peer review comments,
Expert Panel members circulated their responses to these comments and determined how best to
respond. The Expert Panel’s final report responds to peer review comments and will be formally
submitted to the PSC in early November 2005. It is anticipated that the PSC will distribute the
report to fishery management agencies for review for a limited period of time. The Expert Panel
may be requested to respond to agency comments.

Some peer reviewers suggested that the value of the Expert Panel’s report would be enhanced if it
were to provide detailed cost comparisons of expanded CWT tagging and recovery programs
and/or various alternative technologies that might be used to supplement or replace the existing
CWT system. Although we agree with these peer reviewers that such cost comparisons would be
a useful addition to our report, we believe that developing such cost comparisons is well beyond
the scope of activities that can be reasonably expected of Panel members. We believe that
appropriate PSC technical committees should be charged with developing cost comparisons for
various alternative strategies after release and consideration of this report.

This document constitutes our final report and consists of four main parts: (1) An explanatory
background section that sets the context for our Panel’s task; (2) an Executive Summary of our
principal Findings and Recommendations, including a brief series of proposed Implementation
Steps; (3) a thorough justification and rationale for those findings and recommendations for
which we believe a justification or rationale is necessary and/or important; and (4) a series of
Appendices that provide additional supporting information or analyses. We have devoted
substantial editorial attention to parts (1) and (2) of our report; these sections of our report are
likely to be examined most carefully by most readers. We recognize that parts (3) and (4) of our
report would benefit from similar efforts to ensure editorial consistency in presentation, but we do
not believe that the modest incremental improvements in our report that might result would
justify delay in release of our report. We believe that it is important to release our report now.

Panel members extend a special thanks to the Northwest Indian Fisheries Commission (NWIFC)
for funding the extensive and invaluable technical assistance that we have received from
Marianna Alexandersdottir, biometrician for NWIFC. We also thank PSC staff, in particular Don
Kowal, Executive Secretary, and Vicki Ryall, Meeting Planner, for their assistance in
coordinating the logistics of Expert Panel meetings.



GLOSSARY

All terms that are specific to PSC management are indicated as (PSC).

AABM
Ad
Ad+CWT
ASFEC
CoTC
CSC
CTC
CWT
Cv

DIT
ESA
ETD
FPG
GSlI
ISBM
MM
NPAFC
MSF
NSF
NWIFC
PIT
PSC
PSE
PSMFC
PST
RFID
RMIS
SFEC
SIT
SNP

Aggregate Abundance Based Management (PSC)
Adipose fin clip

Adipose fin clip with a coded wire tag

Ad-Hoc Selective Fisheries Evaluation Committee (PSC)
Coho Technical Committee (PSC)

Committee on Scientific Cooperation (PSC)
Chinook Technical Committee (PSC)

Coded wire tag

Coefficient of Variation

Double Index Tagging

U.S. Endangered Species Act

Electronic tag detection

Full parental genotyping

Genetic Stock Identification

Individual Stock Based Management (PSC)
Mass Marking

North Pacific Anadramous Fish Commission
Mark-Selective Fisheries

Non-Selective Fisheries

Northwest Indian Fisheries Commission

Passive Integrated Transponder tag

Pacific Salmon Commission

Percent standard error

Pacific States Marine Fisheries Commission
Pacific Salmon Treaty

Radio Frequency lIdentification tag

PSMFC CWT database — Regional Mark Information System
Selective Fishery Evaluation Committee (PSC)
Single Index Tagging

Single nucleotide polymorphisms
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PART |. BACKGROUND INFORMATION

History of Coded Wire Tagging Programs

The coded wire tag (CWT) was introduced in the 1970s and has provided unparalleled
information about ocean distribution patterns and fishery impacts for numerous stocks of salmon
along the west coast of the US. Prior to the advent of the CWT, researchers had relied principally
on ocean tagging of adults or fin clipping of juveniles to gather information about harvest
patterns of salmon. Adult tagging provided information that confirmed that ocean fisheries were
harvesting complex mixtures of stocks, but could not provide information required to determine
exploitation patterns of individual stocks; tag recovery programs were incomplete due to the
numerous fisheries and stream destinations involved. Fin-clip studies of juveniles provided
some information on patterns of exploitation of a few stocks, but marking, fishery sampling and
reporting of recoveries were not coordinated across geographic and political boundaries.

Because of limitations in the number of fin-clip combinations available, researchers could
conduct experiments on at most 15-20 groups of fish at a time. With hundreds or even thousands
of stocks of interest, fin clipping technology provided little hope of providing the stock- and
fishery-specific information desired by managers.

The CWT is a small piece of magnetized wire (0.25 x 1.1 mm) which is implanted in the nasal
cartilage of juvenile salmonids (Figure 1).

CODED WIRE TAG
in Nasal Cartilage / /
=2V
¥ 1A RAAAAX
=)

AT

Ficure 1.—Longitudinal section through the head of
a juvenile salmonid showing the correct placement of a
coded wire tag in the nasal cartilage. (After Koerner
1977.)




Each piece of wire contains a code that uniquely identifies an individual group of fish (batch
coding). Original color codes were replaced in 1971 by a binary coding system implemented
through notches etched in the wire. The binary CWTs eliminated errors in decoding colored tags
and expanded the number of codes to over 250,000. Since about 1998, CWTs have been
available in a decimal printed format which virtually eliminates reading errors. The very large
number of available unique codes has allowed all experimental groups to be identified accurately
regardless of place or time of recovery.

BIiNARY CODED MICRO-TA
T L - =i
= .t ___,;-v"
S N
T L)
.-:'~;‘ i"f‘_,,-- -
e S
e MASTER WORD
' = =1 2 145 3=
2§ a0 n_8_ 8w i |
DATA RO |
e W [] []
DETE RO 2
aTa AW 3
o & ¥ ' 8
Example of binary code used
on coded wire tags. Hotice the
code is present on four sides of
the tag.

The advantages of CWTs over fin clipping quickly became obvious and the special
characteristics of Pacific salmon made the CWT ideally suited for life history research. Because
Pacific salmon are semelparous, the entire fate of a marked cohort is a priori certain to be
completed over a relatively short period of time (3-4 yr for coho, no more than 7 yr for chinook).
Strong homing fidelity enables the freshwater search for CWTs in adult fish escaping marine
harvest to be confined to well-defined geographic areas, usually near release sites. Because
CWTs can be inserted into juvenile fish prior to ocean migration, the technology provides a
means to track the fate of specific groups of salmon from release through to maturity. The
CWT’s unambiguous identification of the specific release group from which a fish originated
was essential for evaluation of individual release experiments typically carried out with hatchery
fish. All experimental groups could be treated identically during the tagging process,
distinguished only by a coded wire tag number, thereby eliminating confounding effects that had
been presented in many earlier fin clipping studies when contrasting groups might have been
released with, say, a left ventral fin clip or an anal fin clip.

Because CWTs are not externally visible, an external mark was needed to indicate that a fish
contained a CWT. By agreement of management agencies in 1977, the adipose fin clip* (adipose
mark - Ad) was sequestered (reserved) for fish that also received a CWT (Ad+CWT). Fish could

! The functional purpose of the adipose fin is unclear. Once thought to be a vestigal fin that could be removed without effect, recent research
suggests that the adipose may control vortices enveloping the caudal fin during swimming or function as a turbulence sensor. The authors
suggested that: ““the current widespread practice in fisheries of removing the adipose fin as a marking technique may have significant biological
costs.” Reimchen and Temple (2004).



then be inspected visually and snouts removed from those with missing adipose fins (i.e., from
Ad+CWT fish). In the late 1970s, management agencies also agreed to institute catch sampling
and reporting protocols to facilitate sharing of data on where and when fish from individual
release groups were harvested. CWT codes are issued by and reported to a central location so as
to avoid duplication of codes and maintain unambiguous assignment of recoveries to specific
release groups. The Pacific States Marine Fisheries Commission (PSMFC) has continued to
provide the lead CWT data coordination role and maintains the RMIS database (Johnson 2004).

CWTs are recovered coast-wide with agencies generally attempting to sample at least 20% of the
ocean catch. Freshwater recovery programs are less standardized. Returns of Ad+CWT fish to
hatcheries are usually sampled at a 100% rate, but sampling rates for stray escapement are highly
variable and there is generally substantial uncertainty in estimates of stray (non-hatchery)
escapement to natural spawning grounds for hatchery CWT groups. (In some systems, a very
large proportion of returning hatchery fish may fail to return to hatcheries.) Nevertheless, since
the late 1970s, CWT tag recovery data have provided an essential technical basis for chinook and
coho salmon management.

Through this coordinated, coast-wide system, CWT tag recovery data have enabled fisheries
scientists to determine exploitation patterns for individual groups of fish, ended debate over
“who was catching whose fish”, and have assisted decision-making required to conserve the
resource. In the mid 1980s, stock and fishery assessment methods based on CWT tag recovery
data provided the means to define exploitation patterns for individual stocks. The high levels of
exploitation in fisheries in the mid 1980s resulted in sufficient CWT recoveries to provide
statistically reliable data. Cohort analysis methods? applied to CWT recovery data permitted
estimation of age- and fishery-specific exploitation rates, age-specific maturation rates, survival
from release to age 2, and total mortality. These methods quantified and characterized the timing
and location of fishery impacts for the entire migratory range and life cycle of individual stocks.
Exploitation patterns of natural stocks were assumed to be the same as those determined for
CWT release groups of hatchery fish that had similar brood stock origin, similar maturation
schedule, and that were reared and released in a manner believed similar to natural stocks.

In the mid 1980s, the integration of CWT-based cohort analysis into simulation models provided
the primary means to inform decisions regarding the degree to which fishery impacts needed to
be reduced to constrain exploitation rates to levels appropriate for the status and productivity of
individual stocks. These models proved instrumental in enabling the U.S. and Canada to reach
agreement on a coast-wide chinook rebuilding program that became a cornerstone for the 1985
Pacific Salmon Treaty (PST).

In addition to cohort analysis and simulation modeling, the CWT was being widely employed for
evaluation of hatchery production, identification of migration and exploitation patterns,
estimating and forecasting abundance, and in-season regulation of fisheries (Cooney 2004;

2 Cohort analysis involves the backwards reconstruction of a population, beginning with estimated spawning escapements of the oldest aged fish,
estimated fishery recoveries, and assumptions regarding natural mortality rates. The capacity to reconstruct the complete demographic history of
discrete groups of fish from CWT recoveries is vital to the capacity to perform cohort analyses on Pacific salmon. For a description of general
theory, methods, and data requirements, see CTC 1988 and Morishima and Alexandersdottir (2004).



Johnson 2004). Particularly for chinook (Oncorhynchus tshawytscha)® and coho (O. kisutch)*
salmon, the CWT quickly became indispensable to fishery managers. Recognizing that no other
data or methods existed which were capable of providing the information to evaluate the
effectiveness of the agreements reached under the PST, the United States and Canada entered
into a special Memorandum of Understanding when signing the PST: “The Parties agree to
maintain a coded-wire tagging and recapture program designed to provide statistically reliable
data for stock assessments and fishery evaluations.” (Section B, data sharing).

Today, millions of dollars are expended annually to tag and recover CWTs. Johnson (2004)
reported that some 54 state, federal, tribal, and private entities in the USA and Canada conduct
CWT experiments involving some 1200 new codes annually. Over 50 million juvenile salmon
and steelhead are now tagged annually® at a total cost in excess of U.S. $7.5 million annually.
Approximately 275,000 CWTs are recovered each year in commercial and recreational fisheries
and in spawning escapements, at an additional annual cost of U.S.$12-13 million. CWTs are
being increasingly employed in conjunction with other stock identification technologies such as
genetic markers, scale pattern, and otolith banding to provide a better analysis of' salmonid
population dynamics (Johnson 2004).

For three decades, the CWT has provided a practical, efficient, and cost-effective means for
stock- and fishery-specific assessment. Coordinated, coast-wide sampling and reporting systems
facilitate sharing of information on CWT releases and recoveries via internet access. Recoveries
of CWTs are expanded for catch sampling rates and are reported, usually within a few months of
harvest, by time and fishery strata. CWT release records provide information on location and
timing of release, study purpose, stock (hatchery or natural), age at recovery, size at tagging and
size at recovery. Standardized methods for CWT data analysis reduce opportunities for
misinterpretation. The capacity to conveniently analyze experimental results for individual CWT
release groups in a timely manner has proven invaluable for salmon fishery management,
research, and monitoring (e.g., estimation of hatchery contributions to catch, abundance
forecasting, identify variations and trends in marine survival over time, determine the scale of
stock-dependent differences). The Pacific Salmon Commission’s (PSC) Ad-Hoc Selective
Fisheries evaluation Committee (ASFEC, 1995) summarized the main reasons why all salmon
fishery management agencies in the Pacific Northwest rely upon the CWT:

1. the CWT program includes fully integrated tagging, sampling, and recovery operations along
the entire west coast of North America;

2. the CWT provides sufficient resolution for stock-specific assessments; and

% Chinook are the largest and longest lived species of Pacific salmon and tend to spawn in larger river systems. More than a thousand spawning
populations (stocks) of this species are found in rivers along the eastern Pacific (several distinct spawning populations - often characterized by
river entry timing — e.g., spring, summer, fall, winter - defined by a combination of timing and physical location may be found in a single river
system). Individual stocks can migrate over thousands of miles and be exploited over an extended period of time at various stages of maturity.

Several thousand coho stocks are believed to exist in rivers along the eastern Pacific. This species is characterized by an extended period of
freshwater rearing (1 to 2 years) followed by approximately 18 months of rearing in marine areas prior to returning to the rivers to spawn. From
Southern British Columbia southward, coho are predominantly produced on a three year life cycle (one year freshwater). In more northerly areas,
coho with four year life cycles are common (two years freshwater). Coho are harvested predominantly during the last few months of marine
residence. Most coho return to their rivers of origin in late summer and fall, although some stocks are known to have very early or late timing.
Coho tend to be distributed over a much smaller range than Chinook.

® Chinook salmon tagging levels are the highest (~39 million), followed by coho salmon (~9-10 million).



3. the CWT is the only stock identification technique for which a historical record (generally
back to the mid 1970s) of stock-specific assessments may be computed.

No other practical mark-recovery system has yet been devised that is capable of providing this
level of detail in such a timely fashion. The historic success of the CWT program has been in no
small part due to the high level of coordination and cooperation among the coastal states and
British Columbia and to the consistency of CWT tagging and recovery efforts across the many
political jurisdictions. Despite the emergence of other stock identification technologies,
including various genetic methods and otolith thermal marking, the CWT tag recovery program
remains the only method currently available for estimating and monitoring fishery impacts on
individual stocks of coho and chinook salmon for implementation of fishing agreements under
the Pacific Salmon Treaty (PST).

CWTs and the Pacific Salmon Treaty

The pivotal role that analysis of CWT data and modeling played in enabling the United States
and Canada to reach agreement on the PST in 1985 has already been described. The integration
of CWT-based cohort analysis into simulation models continues to inform the decisions of the
PSC of the degree to which fishery impacts need to be constrained to levels appropriate for the
status and productivity of individual stocks.

For chinook and coho salmon, the focus of the PSC’s agreements is on management of natural
stocks that are harvested by the fisheries of both countries. These species are impacted by a
variety of commercial and recreational marine interception fisheries and terminal freshwater
fisheries throughout the migratory ranges of individual stocks. There are few tagging programs
on natural stocks, however, and there are therefore few CWT tag recovery data to permit direct
estimation of exploitation rates for naturally spawning populations of coho and chinook salmon.
Capture and tagging of juveniles and enumeration of returning adults from natural stocks are
logistically challenging and costly. Consequently, inferences concerning exploitation impacts on
natural stocks are drawn from surrogate groups of artificially propagated and tagged hatchery
fish. PSC fishing regimes depend on selection of a system of hatchery stock indicators for
natural stocks, based on origin of the spawning stock and rearing/release strategies (see
Appendix E). Estimates generated from cohort reconstruction of the selected CWT hatchery
indicator stock groups (e.g., maturation rates, age- and fishery-specific exploitation rates) are
assumed to apply to associated naturally spawning populations: selected CWT release groups are
assumed to be subject to the same fishing patterns as the naturally spawning stocks they are
intended to represent. CWT-based estimates of age- and fishery-specific exploitation rates of
hatchery stock indicators are therefore used as surrogate measures of the impacts of fisheries on
naturally spawning populations.

The Parties to the PST have established a system of CWT indicator stocks (predominantly
hatchery stocks that are consistently tagged over time) to provide data to monitor impacts of PST
agreements on fishing regimes. PSC agreements for chinook and coho depend critically upon
estimates of age- and fishery-specific exploitation rates for individual stocks (Morishima 2004).



For chinook, the allowable catch levels in certain highly mixed stock fisheries (Aggregate
Abundance Based Management, or AABM, fisheries) are determined through the use of an
abundance index derived by applying age- and stock-specific exploitation rates to projections of
stock abundance at age. These exploitation rates are derived from analysis of historical CWT
data and applied through simulation models on a stock- and age-specific basis. AABM fisheries
actually consist of aggregations of fisheries that harvest individual stock- and age-specific
components at different rates. Although AABM fishery regimes were initially based on landed
catch, the Parties agreed to move to regimes based on total mortality impacts (i.e., including non-
landed catch-and-release mortalities) as soon as practicable. Information on stock-age-fishery-
specific exploitation rates continues to be required to set annual catch targets and monitor
impacts of AABM fisheries.

For chinook, PSC fisheries that are not considered part of AABM fishery aggregates are
managed to constrain total mortality on individual natural stocks that are not achieving their
spawning escapement goals. These are termed Individual Stock Based Management (ISBM)
fisheries. Each Party is required to reduce impacts of its ISBM fisheries by agreed amounts
relative to levels observed during a selected base period. Compliance with ISBM provisions is
monitored through use of a formula that requires stock-age-fishery-specific estimates of
exploitation rates for depressed natural stocks. For both AABM and ISBM regimes, evaluation
depends heavily on the availability of data to support cohort analysis on individual indicator
stocks that are selected to represent natural stocks of interest.

For coho, PSC regimes for naturally spawning management units originating in Southern British
Columbia and Washington are based on agreements to constrain exploitation rates to negotiated
levels. These management units are comprised of aggregations of hatchery and natural stocks.
Each Party is required to constrain the fisheries within its jurisdiction so as not to exceed
exploitation rates on management units. Those constraints are determined by negotiated
agreement, based on categorical (low, moderate, or abundant) conservation status. The
application of CWT-based cohort analysis and pre-season abundance forecasts within a bilateral
fishery planning tool provides the Parties with a consistent and convenient means to evaluate
proposed regulations for a given season in relation to negotiated agreements. Monitoring occurs
largely through cohort analysis of CWT data for selected indicator stocks. The bilateral
allocation of total mortality impacts requires stock-fishery specific exploitation rates on
individual stocks which are the components of management units.

Current PSC fishery regimes for chinook and coho are inextricably linked to the CWT system.
In his introductory remarks to the CWT Workshop, Rutter (2004) described this relationship as
follows:

“Over the past thirty years or so we have constructed an elaborate and
interdependent fishery management and stock assessment scheme that is heavily
reliant upon data comprised of CWT recoveries. Billions of CWTs have been
placed in salmon over the years, mostly in chinook and coho salmon. And,
through an elaborate, coast-wide sampling program that sifts through
escapements and catch in fisheries far and wide, millions of CWTs have been
recovered. Over time, we have accumulated what surely must be one of the most



extensive fishery management data sets found anywhere in the world. This data
set is analyzed and manipulated with increasingly complex models and
algorithms; the results of these analyses provide the backbone of our system for
managing chinook and coho salmon fisheries coast-wide. The data and models
have become so inextricably intertwined with our regulatory and management
regimes that |1 sometimes wonder whether the models inform our decisions, or
whether some of our decisions are made to conform to the models.”

Emerging Problems with the CWT System

Increased dependence on CWT tag recovery data has resulted in increased concern regarding the
quality of CWT recovery data and inferences that have been drawn from analyses of these data.
A key assumption underlying PSC regimes is that the selected hatchery indicator stocks are
representative of their associated natural stocks. Because of the difficulty of tagging and
recovering sufficient numbers of naturally produced fish, direct validation of this assumption
through CWT methods can be difficult and costly. Natural smolt tagging experiments in Puget
Sound, Southern British Columbia, and the Washington Coast have generally supported the
assumption that hatchery indicator and natural coho stocks are subjected to similar fishing
patterns (see, for example, Weitkamp and Neely 2002). This relationship is less clear for
chinook, but tagging experiments with progeny from natural and hatchery brood stock again
suggest that the use of indicator stocks is reasonable.

Statistical uncertainty surrounding CWT-based estimates have also been the subject of increasing
scrutiny. There are various sources of uncertainty surrounding CWT-based estimates and their
application in salmon management processes. Statisticians recognize two components to
uncertainty: variance and bias. Variance measures the (hypothetical) variation among estimated
catches of and impacts on CWT groups of salmon based on recoveries of individual CWT fish as
it may depend on magnitude of exploitation rates, size of CWT release groups, sampling rates in
fisheries and spawning escapements, and can generally be calculated. Bias may be positive or
negative and measures the difference between the expected (or average) value of estimates and
the true but unknown quantities being estimated (e.g., total fishery-related mortalities).
Magnitude of bias is extremely difficult to determine for several reasons. First, the true quantities
being estimated are unknown. Second, the validity of assumptions made in calculations from
which estimates are derived can be extremely difficult to rigorously test. For example, all cohort
analyses for chinook salmon invoke an implicit assumption that marine natural mortality rates
are invariant and have known values. Application of these fixed assumed values leads to
unknown bias in resulting estimates. Another example would be application of assumed catch-
and-release mortality rates for sub legal-sized (shaker) salmon that cannot be retained legally.
Practical uncertainties in application of CWT-based estimates also result from the sparseness of
historical data, the difficulty of conducting controlled experiments to test various assumptions,
large errors in or nonexistent estimates of stray (non-hatchery) escapement of CWT fish, and
demanding time frames for decision-making which place unrealistic demands on the capacity to
report accurate data and perform required analyses.



These inherent statistical uncertainties were exacerbated by an unhappy convergence of factors.
In the early 1990s, survival rates for many natural stocks declined precipitously and managers
responded by reducing fishery impacts to try to maintain spawning escapement levels. As
survivals plummeted and fishery impacts decreased, fewer CWTs were being recovered, thereby
increasing statistical uncertainty with CWT-based estimates of fishery impacts and further
reducing the reliability of inferences that could be drawn from such analyses. Also, managers
have relied increasingly on alternative fishery management measures such as catch-and-release
or species-selective fisheries. Taken together, the result has been that non-landed mortalities
now account for a much greater proportion of total fishery mortalities. Calculation of non-
landed mortalities is especially problematic in species-selective fisheries (e.g., chinook only may
be retained, but coho must be released) or mark-selective fisheries (e.g., only adipose-clipped
fish may be retained) because non-landed mortalities have traditionally been calculated as a
direct function of landed catch and assumed release mortality rates.

Reduced sampling rates in various components of fisheries have also decreased the reliability of
CWT tag recovery data and also introduced unknown bias. Especially serious issues that
generate unknown bias include incomplete, inconsistent or nonexistent sampling programs for
estimation of freshwater escapement (especially non-hatchery, stray escapement) and freshwater
sport fishery catches of CWT fish. Finally, in some areas the numbers of unreported commercial
catches are increasing but these catches may not be sampled at all, thus creating many non-
response strata and generating negative bias in estimates of catches from CWT release groups.
Analysts of CWT data have become progressively more aware and more concerned about these
problems, but these issues did not reach crisis levels until the mid-late 1990s.

Increasing Complexity of Fisheries

Over the course of the last two decades, the PSC and fishery managers have sought to obtain
information at finer and finer scales of fishery-time resolution to address conservation concerns
for individual stocks. However, as strata become more refined, the uncertainty surrounding
estimates of exploitation rates increases. This conflict between the needs of managers for
information at increasingly finer levels of resolution and the increased uncertainty associated
with the estimates made at these finer levels of resolution can be illustrated by examining the
history of the PSC’s chinook model.

In the early 1980s, during negotiations between the United States and Canada on a salmon treaty,
a bilateral group of scientists was tasked with the responsibility of analyzing CWT data for
chinook salmon in response to growing concerns over an emerging coast-wide conservation
problem. The initial analyses were performed on the basis of total brood year exploitation rates
so all fisheries and ages were combined into a single strata. The simple model constructed on the
basis of this level of analysis proved sufficient to compare existing levels of fishery exploitation
to levels believed to be sustainable by stocks managed for maximum sustained harvest. The
model established a target reduction in brood year exploitation rates to rebuild depressed stocks
to desired levels. As the negotiations proceeded, attention turned to determining how the
conservation responsibility would be shared between the U.S. and Canada leading to a
requirement to increase the level of fishery stratification in the model. Because terminal



fisheries had already been restricted to protect spawning escapements of individual stocks and
because the conservation concern was coast-wide, the principal focus of the negotiations
centered on the four principal mixed stock fisheries that accounted for the predominant impacts
on the limited set of stocks for which CWT data were available (Southeast Alaska troll, North-
Central B.C. troll, West Coast Vancouver Island Troll, and Strait of Georgia Troll and Sport).
When agreement on the PST was ultimately reached in 1985, the model had grown to represent
ten fisheries in annual time steps. During implementation of the 1985 treaty agreement, the
Parties to the Pacific Salmon Treaty relied increasingly upon the model to help plan their fishing
strategies. This led to demands for more refined resolution of fisheries. Currently, the CTC
model represents 25 fisheries and a single annual time step. Because of limitations in available
software and computing power, the model was “maxed” out by the combination of stocks,
fisheries and time periods. But managers still desired finer levels of resolution. In the mid
1990s, the PSC’s Chinook Technical Committee initiated an effort to recode the model to allow
unlimited representation of stocks, fisheries, and time periods. Presently, plans are under
development to represent over 100 fisheries, greatly increase the number of stocks represented
beyond the current 30, and accommodate four time steps per year (Figure 2).

From an estimation perspective, in 1985 fisheries analysts were charged with estimating fishery-
specific exploitation rates in just ten annual fisheries, whereas future demands may be for
estimation of almost 400 fishery-time-specific exploitation rates. This increasingly fine scale of
resolution that seems required (or desired) by fishery managers can only come at the expense of
greatly increased estimation uncertainties within individual fisheries (see Appendix G).

Mass Marking and Mark-Selective Fishing

As survivals plummeted, the uncertain capacity of natural stocks to continue to persist brought
the U.S. Endangered Species Act (ESA) into play. Several natural stocks of chinook and coho
impacted by PSC fisheries were listed as threatened or endangered. These listings led to
increased restrictions on fishery impacts, reduced access to hatchery fish, and CWT tag recovery
data were now relied upon to establish management objectives such as jeopardy standards and to
monitor fishery impacts on listed stocks for compliance with these standards.

The inability to fully harvest fish produced by hatcheries due to concerns for natural stocks,
particularly in fisheries that exploit complex stock mixtures, led fishery managers and politicians
to explore alternatives that might allow increased harvest of abundant hatchery fish while still
achieving reduced impacts on natural populations. Rutter (2004) described the situation as
follows:

"Why produce the fish if they cannot be harvested?" became both a legitimate
question and a compelling argument for change in our fishery management
regimes. Not surprisingly, several management agencies increasingly began to
turn to mass marking and mark-selective fisheries, if not as an answer to the
conservation problems of weak natural stocks, at least as a valuable tool for
sustaining important fisheries in the face of wild fish constraints.
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The alternative that has emerged is termed Mass Marking (MM) and involves marking hatchery
fish to enable them to be visually identified.® Mark-selective fisheries (MSFs) are conducted
under regulations that allow retention of marked fish but require that unmarked fish be released.
Because mortalities of unmarked fish can no longer be directly observed as landings in MSF,
they must instead be inferred through assumptions involving non-landed catch-and-release
mortality rates. While some of the unmarked fish will die as a result of catch-and-release
mortality in MSF, the expectation is that the magnitude of this catch-and-release mortality will
be much less than the fishing mortality suffered by marked hatchery fish that may be retained.

Although it is no doubt true that the magnitude of catch-and-release mortality would typically be
much less than the fishing mortality suffered by marked hatchery fish that may be retained,
thereby allowing greater harvest of hatchery fish, intensive MSF could have a devastating impact
on the long-term viability of CWT tag recovery programs. Because marked hatchery fish and
unmarked natural fish are no longer subject to the same patterns of exploitation under MSFs,
CWTs on hatchery indicator stocks can no longer serve as surrogates to evaluate and monitor
presumed fishery impacts on natural stocks. Unless the catch-and-release mortality rate were
100%, the assumption that wild and hatchery fish share equal exploitation rates would be
violated in MSFs.

Thus, although MM and MSFs had promise for increasing harvests of hatchery fish while
keeping fishing impacts on natural populations within desired constraints, these same programs
threatened to jeopardize the commitment made by the United States and Canada to maintain a
viable CWT program. In response, the PSC established an ad-hoc Selective Fishery Evaluation
Committee (ASFEC) to investigate issues surrounding MM and MSFs and to develop potential
solutions to problems.

ASFEC (1995) issued its report in 1995, defining a viable CWT system as one that:
1. Provides the ability to use CWT data for assessment and management of wild stocks;

2. Is maintained such that the uncertainty in stock assessments and their applications does
not unacceptably increase management risk; and

3. Provides the ability to estimate stock-specific exploitation rates by fishery and age.

The ASFEC also recommended that consideration of MM and MSF be limited to coho’ and
determined that the adipose fin clip provided the most promising mass mark for hatchery fish if
MM and MSFs were to be pursued. The recommendation to employ the adipose fin as a mass
mark resulted from several factors: (a) MM mortality and fin regeneration were believed to be

® MM can also improve the capacity to monitor the status of natural stocks by providing a convenient means of facilitating the identification of
hatchery fish in spawning escapements. In many systems, especially for Chinook salmon, the contribution of stray hatchery fish to natural
spawning grounds cannot be determined due to inadequate and variable hatchery marking programs. Hankin (1982) showed that “constant
fractional marking” programs, where a constant fraction of hatchery releases (< 100%) receive an identifying mark, can allow estimation of the
proportion of hatchery fish in freshwater returns. MM (100% marking) is the most extreme version of a constant fractional marking program.

Chinook were not recommended for MM and MSF for a variety of reasons, including (a) the small size of fall-type fish at release; (b) the
physical infeasibility of MM large numbers of Chinook within the limited time the fish are available in hatcheries; (c) the complex life history
and exploitation pattern of this species; and (d) the extensive migrations of this species.
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minimal compared to other fin marks such as a ventral fin clip; (b) the adipose mark could be
inexpensively applied and marking methods and costs were known with reasonable certainty; (c)
information could be readily provided to enable fishermen to recognize the missing adipose fin
as a visual identifier for hatchery fish.

In 1977, the adipose fin was sequestered for exclusive use as an indicator of the presence of a
CWT. As Table 1 below illustrates, however, the adipose clip is no longer consistently reserved
for use with fish receiving CWTs.

Table 1. Required Use of the Adipose Fin Mark with the CWT (Final Minutes of the
2004 Mark Meeting of the Pacific States Marine Fisheries Commission,
convened in Lewiston, ID. May 12-14, 2004).

Region Chinook Coho Steelhead Sockeye Chum Pink
Alaska Yes Yes No Yes? Yes® Yes®
Canada Yes No No No No No
Washington No>¢d No No No No No
Oregon No?'° No No No No No
Idaho No® No No No No No
California Yes Yes No No No No

Where ‘Yes’, the only use of the Adipose clip is to indicate a CWT. These requirements apply
equally if the adipose is clipped in combination with another fin(s).

Adipose fin marked steelhead, sockeye, chum and pinks do not require a CWT because there is

no coastwide recovery program for tags in these species. Alaska is an exception in requiring a
CWT in adipose marked sockeye, chum and pinks.

A CWT is presently required with the adipose fin clip for all chinook from the Strait of Juan de
Fuca and coastal Washington and for fall chinook from the Columbia Basin.

C/Use of a CWT with the adipose clip is currently being resolved for spring chinook from the
mainstem Columbia River above Bonneville Dam. Adipose mass marking of Snake River spring
chinook has been approved by majority vote of the Pacific States Marine Fisheries
Commission’s Mark Committee

Use of the CWT with an adipose clip on summer chinook in the Columbia River remains

unresolved. Adipose only mass marking of Snake River summer chinook has been approved by
majority vote of the Mark Committee.

The ASFEC recognized that if the ad-clip were instead used as a mass mark, then the number of
fish with missing adipose fins would increase many times over. Some other means would need
to be found for agencies to be able to continue programs to recover CWTs. The ASFEC
recommended that this problem could be overcome by using electronic tag detection (ETD) as a
means of detecting the presence of CWTs among adipose-clipped fish.

Two main types of ETD equipment have been used: a hand-held wand and a tube. Wands are
designed for use by field samplers who inspect fish in catches and escapements. A wand is
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passed over the head of fish (coho) or inside the mouths of large fish (chinook) and a beep
identifies the detection of metal. Tube detectors are designed to be employed in high-volume
installations such as hatcheries and processing plants where entire fish may be passed through
the detector and the presence of a tag determined. ETD technology must be used by trained
samplers and should be employed throughout the migratory range of the stocks to ensure
recovery of CWTs required for cohort analysis. However, some jurisdictions that do not conduct
MSFs continue to rely only upon visual sampling of catch and have not agreed to deploy ETD in
some areas due to budgetary reasons (increased cost of equipment and sampling) or due to
unresolved technical or operational concerns (e.g., concerns regarding accuracy of wand
detection of CWTs among adipose-clipped MM fish). Unless heads are taken from all adipose-
clipped fish that are sampled from catches and are later searched for CWTs, absence of ETD
throughout the migratory ranges of affected stocks will generally mean that estimates of CWT
recoveries in ocean fisheries and in spawning escapement will be negatively biased, resulting in
biased estimates of exploitation rates of hatchery fish and creating increased difficulty in
assessing performance of PSC agreements.

Wand and tube CWT detectors

Even if all jurisdictions were to use ETD technology to screen all adipose-clipped fish in
samples, this innovation would not preserve the ability of CWT tag groups to serve as surrogates
for natural stocks. To allow estimation of fishery impacts on natural stocks, ASFEC proposed
that a system of Double Index Tagging (DIT) be used. With DIT, two groups of CWT’d fish are
released, identical in every respect except that: (a) the groups carry different CWT codes; and (b)
only one of the groups is adipose-clipped (Mass Marked). In MSFs, fish from the unmarked DIT
pair are released whereas fish from the marked DIT pair are retained. In non-selective Fisheries
(NSF), CWT recoveries would be collected from both tag groups in a DIT pair. Differences in
recovery patterns between the two DIT groups would represent the effect of MSFs (Figure 3).
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The DIT strategy was believed to be capable of generating data to preserve the viability of the
CWT system.

Observable and Unobservable
Mortalities of DIT Groups
MARKED _—
| ST

>
Escapement

UNMARKED

Figure 3. Conceptual Schematic of DIT Releases and Recoveries in non-
selective fisheries (NSF), mark-selective fisheries (MSF) and
freshwater escapement.

The DIT system effectively doubled tagging costs for indicator stocks because now two groups
of fish would need to be tagged. Further, CWT recovery programs for DIT fish captured

in nonselective fisheries and in spawning escapements now had to sample both marked and
unmarked fish. These changes in sampling requirements - the need to sample both unmarked
and marked fish (for DIT) and to use ETD (because the adipose clip is used for MM without
CWT) - greatly increase the cost of maintaining the CWT system. Also, the DIT system and
MSF has generated new data reporting requirements and increased opportunities for errors in
release and recovery information reported to PSMFC and stored in the PSMFC database system
(RMIS). These new reporting requirements include at least the need to indicate whether or not a
code is a marked or unmarked member of a DIT group; whether the fishery in which a DIT
group individual is recovered was mark-selective or not; and whether individuals were detected
visually or electronically.

Even with ETD and DIT, however, the capacity to generate stock-, age-, and fishery-specific
exploitation rates from CWT recoveries remains uncertain. The ASFEC and its successor, a
permanent Selective Fishery Evaluation Committee (SFEC) established by the PSC in 1998,
noted that no methods had yet been found to generate reliable estimates of MSF impacts on
unmarked fish when more than one MSF impacted a stock. Zhou (2002) expressed skepticism
about the reliability of inferences drawn from DIT data. Lawson & Comstock (1995) reported
that MSFs could generate biased estimates of fishery impacts on unmarked stocks. Lawson &
Sampson (1996) identified potential issues with the accurate estimation of mortalities of
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unmarked DIT releases which could arise in the conduct of MSFs. Finally, numerous issues and
questions regarding both the basic CWT program and the use of DIT to evaluate MSFs were
identified in a 2003 report by the Joint Coho DIT Analysis Workgroup. The evaluation of the
first three years of MSFs on coho salmon from Puget Sound and the Washington Coast found
holes in the basic CWT program, including the failure to sample all fisheries and escapement for
CWT. Application of the DIT groups to estimates MSF mortality was sometimes not possible
because the assumptions of the program (i.e., equal treatment of marked and unmarked
components of the DIT group) were not met. The impacts of selective fisheries could generally
not be detected because of the small magnitude of the MSF, but a statistically significant
difference did exist in the estimated exploitation rates in some years on marked and unmarked
coastal stocks. The feasibility of using the DIT strategy for chinook salmon has been much less
well studied and seems even more problematic.”

Nonetheless, Canada and the United States currently mass mark millions of hatchery coho each
year and the United States has also mass marked millions of chinook salmon in recent years.
New technology has been developed to automate the process of mass marking and/or inserting
CWTs into large numbers of hatchery-produced chinook and coho (Figure 4) and the pressure to
mass mark hatchery fish has reached new levels. Indeed, Rep. Norm Dicks, D-Wash., recently
inserted a new mass marking requirement into the Interior Appropriations bill which was passed
as part of a multi-agency funding bill in 2003 (Bowhay 2004). Section 138 of this bill states:

“The United States Fish and Wildlife Service shall, in carrying out its
responsibilities to protect threatened and endangered species of salmon,
implement a system of mass marking of salmonid stocks, intended for harvest, that
are released from Federally operated or Federally financed hatcheries including
but not limited to fish releases of coho, chinook, and steelhead species. Marked
fish must have a visible mark that can be readily identified by commercial and
recreational fishers."

This US mass marking directive has been included annually in appropriations bills since 2003.
As a consequence of this legislation, mass marking will occur on many millions more chinook
and coho salmon originating from Pacific Northwest hatcheries, almost certainly relying on the
adipose fin clip as the mass mark. Many of these fish will migrate to areas where there are no
plans to employ ETD or to propose MSF. As Rutter (2004) stated in his opening remarks for the
CWT Workshop, “The train of mass marking and mark-selective fisheries is moving rapidly
down the tracks, and doesn't look like it will be stopped anytime soon.”

In the early 1990s, when MM and MSF were in their infancy, the PSC found itself 