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MEMORANDUM
TO: Council Members
FROM: Tony Grover, Director, Fish and Wildlife Division

SUBJECT: Staff summary of Fish Tagging Forum recommendations and supplemental
information.

The Fish Tagging Forum (Forum) made final recommendations to the Council, which were
presented to the Fish and Wildlife Committee at the May 7, 2013 committee meeting in
Boardman, Oregon. The Forum’s recommendations (see Attachment) cover several tag types.
The following recommendations, with near-term, mid-term or long-term time frames for
implementation are presented as the Forum’s consensus, unless presented as alternatives for
those few recommendations that do not have the Forum’s consensus. A near term
recommendation is meant to be implemented immediately after the Council adopts the
recommendation. Mid-term recommendations are meant to be implemented over the next year.
Long-term recommendations are designed to be implemented over three to five years to allow
implementers time to adjust to the effects of the recommendations.

Table - Consensus recommendations of the Fish Tagging Forum

Type Forum Consensus Recommendations Timeframe

1 | Global | Any reduction in funding associated with the recommendations Near term
would be available for redirection to other F&W projects.

2 | Global NOAA to provide guidance in coordination with state, tribal, and Mid-term
other researchers/experts regarding best practices for tagging ESA-
listed salmonids.

3 |PIT Implement an annual PIT tag coordination and review forum Near term
including federal, state, tribal, utility representatives and other
entities for both fish and wildlife projects with the purpose of
reviewing short-term and long-term study plans relying on the use
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of PIT tags to;
i - Evaluate opportunities to increase efficiency of tag use
in a way that minimizes costs and reduces the number of
fish tagged; and
il - Provide input and review of the PIT tag forecasting
system for the purchase of PIT tags in the Columbia Basin

PIT

Council sponsor periodic subject matter expert evaluations of rates
of PIT tag loss and effects of tagging on fish behavior and survival
throughout the life cycle to understand how it affects confidence in
critical parameters derived from PIT tag studies.

Long term

PIT

Council utilize the IEAB and ISAB to work together with interested
regional partners to develop an analytical tool to evaluate trade-offs
between PIT tagging levels, detector arrangements and the accuracy
and precision of parameters used in making priority management
decisions.

Long term

PIT

At the completion of the current PIT tag harvest monitoring project
(2010-036-00), the Council and ISRP should follow a deliberate
and measured approach to evaluate the project.

Long term

CWT

Eliminate routine coded wire tagging of steelhead and sockeye
because they are not sampled in the ocean at levels significant
enough to influence decision making. However, some coded wire
tagging of these species will be necessary for specific research
projects and hatchery operations and evaluations.

Long term

Genetic

Funding of on-going FWP projects developing and evaluating
genetic methods (GSI and PBT) should continue consistent with the
projects’ goals and objectives. After 5-10 years of monitoring have
been completed the effectiveness and efficiency of the genetic
methods should be evaluated for broader application. The funding
of new projects within the FWP should follow a deliberate and
measured approach to consider how those new projects would
complement existing projects.

Long term

Acoustic

Recommends twenty or more year interval between JSATS studies
at USACE operated dam(s) unless major modifications to the
structures or operations at the dams require updated information
about fish survival at the dam(s). Furthermore, before future JSATS
studies are implemented the Corps of Engineers, in collaboration
with NOAA Fisheries and the Council, should evaluate whether
existing, less expensive, tag technologies could be used and if
acoustic tags are the appropriate technology for the research
objectives, then what is the appropriate data collection required
(i.e., presence/absence, two-dimensional or 2D, or three-
dimensional or 3D, which provides depth information), to provide
adequate information to assess juvenile survival at the dam(s) at a
lower cost.

Near term
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Acoustic

Within one year of date of this recommendation The Corps of
Engineers in consultation with NOAA should develop a long term
20 year plan for acoustic tag studies within the Columbia and

Mid-term




Willamette River basins. This plan should include the purpose of
studies, coordination planning to be done with other entities that
may be using acoustic tags, locations of the studies, study dates and
estimated costs for acoustic tag studies that are envisioned over the
next 20 years. This plan should be shared with the Council and the
region for comment.
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Acoustic

Council should sponsor a public review of the USACE 2014 to
2018 forecast for JSATs performance testing cost and schedule for
potential additional efficiencies and associated cost savings.

Near term

12

Radio

Council should continue to support the use of radio tags for
specialized purposes to meet the evaluation criteria for specific
research objectives and should continue to be used when
appropriate for short-term study designs.

Near term

13

Data

Extend PERC process to evaluate potential improvements in the
PIT tag and CWT regional databases (PTAGIS and RMIS) that
provide important data sharing and analysis, leading to good
decision making for our shared salmon resource on the Pacific
Coast.

Mid term

14

Data

Implement a regional SNPs genetics database at PSMFC that can
be shared in the same manner as the current PTAGIS and RMIS
databases.

Underway

15

Data

Link the PTAGIS, RMIS, and SNPs databases to bring more power
to these databases, leading to easier and more complete regional
mark/tag data analysis (i.e. linking fish with multiple marks or tag
in these databases).

Underway

15

Data

Through BPA contracting procedures, provide better
documentation of tagging protocols through
MonitoringMethods.org.

Near term

17

Data

Evaluate the costs and benefits of incorporating tag-related cost-
tracking components into future upgrades to PISCES, and
CBfish.Org

Long term

Forum Non-consensus Recommendation
The Forum could not reach a consensus recommendation on the funding responsibility for all
Coded Wire Tag (CWT) uses, therefore alternatives have been identified for funding CWT

activities. The proponents for each alternative did present their thoughts on merits and

consequences of each alternative to the F&W Committee and Council directly and/or in writing.
i.  Alternative 1: Maintain status quo funding [$7.5 million]

ii.  Alternative 2: Over 3 year transition period, reduce BPA funding for fishery catch
sampling and associated analysis [Eliminates $1.9 million in annual project
funding]®. http://www.nwcouncil.org/media/6827185/CWT-cost-spreadhseet-by-
Bonneville-4-8-13-related-to-recommendation-1b.xlsx

ii.  Alternative 3: Over a 3 year period, reduce BPA funding for tagging at Mitchell
Act Hatcheries [Funding reduction of $0.6 million]?

! These recommendations do not apply to projects funded under the fish and wildlife accords.
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iv.  Alternative 4: Increase CWT funding, if necessary, to achieve CWT program
objectives (e.g., desired sampling rate at 20%. Cost is uncertain.)

Fish and Wildlife Committee

The Fish and Wildlife Committee discussed the Forum recommendations on July 9", 2013 at the
Seattle Council meeting. The Committee did agree to support the 17 consensus recommendations
of the Forum, but did not reach agreement on the non-consensus recommendation from the
Forum. The committee did discuss the possibility of a 1% across the board cut in all tagging
programs, though committee members believe that concept is impractical to implement when
BiOp priorities and accord constraints are considered.

Legal as well as policy and technical issues have been raised with regard to Bonneville funding
of the coded-wire tag activities. The F&W Committee asked the Council’s legal divisions for its
views. What follows is a summary from the legal division as to how it understands the issues
and its conclusions:

Legal Issues

One issue out of the Fish Tagging Forum review has been whether and to what extent
Bonneville should continue to contribute funding for the coded-wire tag efforts. As we
understand it, Bonneville began to contribute funding to this effort more than 30 years ago, in
1982, and currently contributes funding in two areas -- in the recovery of coded-wire tags and
the marking of certain production groups. Whether to continue that funding, and at what
level, raises a number of policy and priority considerations. But legal issues have been raised
as well. Bonneville customer groups, and Bonneville itself, have raised questions about
whether this use of Bonneville funds, despite its long tenure, is actually outside of
Bonneville’s authority to spend funds under the Northwest Power Act, or is in violation of
what is known as the “in lieu” provision of the Act, or both.

Conclusions

Continuing these Bonneville expenditures is neither required by law nor clearly
prohibited by law. For the activities to be within Bonneville’s authority to fund under the
Northwest Power Act, it has to be clear that the tagging efforts relate to Columbia River
salmon and steelhead adversely affected by the Columbia hydrosystem. This seems clear. It
also requires that there be a colorable argument that the information to be gleaned from these
tagging and monitoring efforts is relevant in helping the Council and Bonneville evaluate the
success of the protection and mitigation efforts funded under the Power Act. It is outside the
scope of the legal analysis to make a definitive conclusion about that point -- the information
on that question has come from technical staff and outside commenters -- but it possible to
understand how coded-wire tag information has some utility for assessing Program-related
goals or activities. Finally, for the “in lieu” provision of the Act to be a bar to Bonneville
funding, there has to be clear evidence that the Bonneville expenditures are supplanting
expenditures required or authorized from others. The facts are not so clear.

Moreover, note that the issues raised now about Bonneville’s authority and about the “in
lieu” provision with respect to Bonneville’s contribution to the funding of the coded-wire tag
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projects are not new -- they have been raised and analyzed a number of times before, by the
Council beginning in the late 1990s and including by Bonneville itself. In the end Bonneville
has always decided (and the Council has agreed either explicitly or implicitly) to continue the
Bonneville contribution to the funding of these activities. And these questions of the legal
appropriateness of the Bonneville expenditures are, in the end, questions for Bonneville to
decide. The result has never been a conclusion -- by Bonneville or anyone else -- that a
Bonneville funding contribution to these activities is absolutely outside of Bonneville’s
authority under the Northwest Power Act or constitutes Bonneville expenditures in lieu of or
supplanting expenditures authorized or required from other entities under other agreements
or provisions of law in violation of the Power Act. Essentially, that is why this Bonneville
contribution began and has been ongoing for 30 years.

Instead, from the Council’s perspective we are in a gray area of overlapping
responsibilities and authorities and expenditures, and not obviously outside the boundaries.
In that light this becomes instead what the Council first expressed in 1997 -- a question of
policy and priorities in this world of overlapping responsibilities and authorities. A situation
in which, as the Council wrote then, “the issue is whether the level of Bonneville funding for
coded wire tagging is out of proportion with what could be considered Bonneville’s “fair
share’ of the coded wire tagging program, whether that share is based on the proportional
number of fish from direct program-funded hatcheries that must be tagged or on the amount
of information gleaned from the tags that is relevant to the Council’s program.” This does
not mean that the Council has to arrive at any particular outcome on policy and priority
grounds -- the Council could decide on this basis that the Bonneville funding level should
stay the same or be reduced or end or increase. Only that the Council is not going to resolve
these issues by concluding that a continued Bonneville funding contribution is outside
Bonneville’s authority or clearly in violation of the in lieu provision and must cease as a
matter of law.

Proposed conditions to the Council recommendation:

In deciding whether and to what extent to consider the funding contribution to the coded-wire tag
activities, the F&W Committee members suggest the Council recommend to Bonneville the
following principles and recommendations:

1. The Council concludes that the use of Bonneville funds for CWT is not obviously outside
Bonneville’s spending authority under the Northwest Power Act, nor is it a clear violation of
the “in lieu” provisions of the Act. Rather, in a situation of overlapping authorities, the
question is whether the level of Bonneville funding for coded wire tagging is out of
proportion with what could be considered Bonneville’s “fair share’ of the coded wire tagging
program, based on the amount of information gleaned from the tags that is relevant to the
Council’s program. This is a policy within the purview of the Council as well as Bonneville.

2. Fish managers rely on CWT as a primary indicator for many management questions, including
population status and recovery of endangered species. The Council and Bonneville rely on the fish
managers to help develop the Fish and Wildlife Program and to provide Program implementation
expertise.

3. The ISAB and ISRP have both endorsed the use of CWT (2009 reports).



4. The IEAB reports that there are inefficiencies in tagging programs across the board. The preliminary
fish tagging economic model development reported by the IEAB (June, 2013) indicates this concept
is worth further development into a tool by Bonneville. The Council recommends Bonneville, in
collaboration with NOAA, the Council, fish managers and appropriate others, develop a Request For
Proposals to further refine the tagging model developed by the IEAB, or a similar model, and fund the
development of that model to facilitate regional collaborative decision-making regarding
programmatic and cost efficiencies in the fish tagging programs funded by Bonneville. The model
should be operational in two years.

5. Encouraging efficiency in existing tagging programs and reducing costs in favor of more efficient
tagging methods is a goal endorsed by the Council and recommended to Bonneville.

6. A centralized, integrated process that includes evaluating program priorities, as well as costs could
play a highly beneficial role in a rationalization process that would improve both cost and program
effectiveness of fish tagging (IEAB, June 2013).

7. Implement alternative 1 of the non-consensus recommendation, until the results of conditions 4 and 6
provide a rational alternative that is supported by the Council.

8. The Council recommends that Bonneville and the managers report annually on the number of juvenile
fish released each year, and the subsequent number of adults that contribute to harvest, broodstock,
and the spawning grounds for all hatchery programs receiving Bonneville funding. Provide this
information annually for each hatchery by stock and brood year. The first report should be submitted
by December 2013.

9. Regardless of the above conditions, the Council may adjust its recommendations to Bonneville
regarding fish tagging as new information regarding technological improvements, efficiencies or
tagging opportunities become known.

Attachment:
Background, recommendations and select supporting information from the Fish Tagging Forum,
April 30, 2013 memorandum to the Fish and Wildlife Committee.

c:\users\grover\desktop\ftf staff summary of forum recs - council august 2013.docx (Tony Grover)
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[April 30, 2013]

DECISION MEMORANDUM

TO:

FROM:

SUBJECT:

Fish and Wildlife Committee members

Tony Grover, Director, Fish and Wildlife Division, members of the Fish Tagging
Forum and Kevin Kytola, Forum facilitator

Background, recommendations and select supporting information from the Fish
Tagging Forum.

PROPOSED ACTION: Recommendations of the Fish Tagging Forum

BUDGETARY/ECONOMIC IMPACTS

BPA’s costs for fish tagging in the Columbia River Basin exceeded $60 million in 2012. About
$18.5 million of those costs were short term studies using acoustic and radio tags that vary from
year to year. The Council and BPA’s direct program makes up somewhat less than $36 million
of the total. Some recommendations have financial effects, which are estimated in the
recommendations section.

Significance

Within the Columbia River basin, fish tagging is a costly and complicated endeavor, often going
far beyond the modest efforts the ISAB and ISRP referred to in 2009. The Fish Tagging Forum
(Forum) was chartered by the Northwest Power and Conservation Council (Council) in July
2011. The Forum was directed to evaluate the fish tagging activities and their cost-effectiveness
and program effectiveness under the Fish and Wildlife Program (Program), as well as other
issues identified in the March 2009 ISAB/ISRP report (ISAB/ISRP document 2009-1) regarding
fish tagging technologies and programs.

The Forum held fifteen in person all-day meetings of the full Forum as well as numerous
subgroup meetings and conference calls between November 2011 and April 2013. The meetings
have been regularly attended by 15 to 30 subject matter experts from the following entities:
Bonneville Power Administration (BPA), United States Army Corps of Engineers (USACE),
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National Ocean and Aeronautics Administration (NOAA), Washington Department of Fish and
Wildlife (WDFW), Oregon Department of Fish and Wildlife (ODFW), Idaho Department of Fish
and Game (IDFG), Pacific States Marine Fisheries Commission (PSMFC), Columbia River
Inter-Tribal Fish Commission (CRITFC), the Mid-Columbia Public Utility Districts (PUDs), and
BPA customer groups (Public Power Council, Northwest River Partners). At times the Forum
meetings were also attended by Council members, representatives from the Nez Perce Tribe, the
Grand Ronde Tribe, the United States Fish and Wildlife Service (USFWS), the United States
Geological Survey (USGS), consultants, equipment vendors, universities, and other interested
parties. Council staff participated in all Forum meetings and teleconference calls.

The Forum Charter (http://www.nwcouncil.org/media/23450/charter.pdf) defines several specific
objectives for the Forum. A synopsis of accomplishments relative to each of the Charter
objectives is provided in Attachment 1. Presentation materials, meeting summary notes, and
related documentation are available at http://www.nwcouncil.org/fw/tag/home/ .

A number of information synthesis tools have been developed to support the development of
recommendations, including:

Tag-specific summaries;

Tag infrastructure schematic;

Data collection and management schematic;

Management Question and Indicator Spreadsheet;

Management Question, Indicator, and Tagging Technology Network Diagram;
Tag-specific Cost Information (from BPA and USACE).

S e o

Background

The ability to mark and tag fish is one of the most important and useful techniques available to
fishery managers, researchers and those interested in, or with a legal requirement of, preserving
and recovering threatened or endangered fish, particularly salmon and steelhead. Tagging or
marking salmon, steelhead and other fish species using tag technologies is a key tool for
monitoring and evaluating both juvenile and adult salmon passage from headwater rearing or
release areas through the mainstem hydropower projects, into the ocean, and back to the
spawning grounds or hatchery broodstock collection areas.

The Council has not previously conducted an effectiveness oriented, policy level review of
tagging and marking associated with the Fish and Wildlife Program. However, the Council and
the ISRP have reviewed at one time or another all tag related projects within the Fish and
Wildlife program.

The Council did request the Independent Science Advisory Board (ISAB) and Independent
Science Review Panel (ISRP) to conduct a joint comprehensive review of Columbia River Basin
fish tagging technologies and programs, which was completed on March 17, 2009 (ISAB/ISRP
2009-1). That report focused on the scientific and technical aspects of the various tagging
technologies and stopped short of a policy level review of tagging. In that report the ISAB/ ISRP
stated: *““For proposal solicitations, the ISRP’s technical review is not designed to address cost
effectiveness. If project budgets appear unreasonable, either too large or too small, concern is
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often expressed, although this is not a technical review task. This is an aspect of tagging that
would be best addressed as part of the Fish and Wildlife Program amendment and program-level
decision process... As important as cost effectiveness is program effectiveness. Program
effectiveness of tagging activities might be better incorporated into decision management
frameworks where reference points from tagging activities trigger management response (e.g.,
return rates or harvest rates at a fixed limit or threshold).” As a result, the policy issues of cost
effectiveness and program effectiveness remained unexplored until the Council created the Fish
Tagging Forum.

Since the Council's last review of tagging issues in 1997, several major events have occurred in
the Columbia Basin. They include, but are not limited to: several Council reviews of tagging
projects, three FCRPS Biological Opinions, in lieu determinations by BPA and numerous
tagging technological improvements and infrastructure changes. Because of these events, it is
appropriate for the Council to reassess its views on fish tagging under the Council Fish and
Wildlife Program.

In June 2010, the Council and Bonneville together began a review of projects in the categories of
research, monitoring and evaluation and artificial production (also known as the RME/AP
Review).

In June and July of 2011 the Council made following recommendations related to Coded Wire
tag projects, which also included the intent to consider chartering a facilitated work group
consisting of coded-wire tag project sponsors and Council and Bonneville staff and others to
address the need within the Fish and Wildlife Program for coded-wire tag information. In July of
2011 Council members expanded the scope of the facilitated workgroup to include all tagging
technologies in the Program, which is the genesis of this Fish Tagging Forum (Forum).

The Council recommends funding for the coded-wire tag projects for two years only, at the requested
FY2012 level. The funding recommendation would be conditioned on the project sponsors, within
that time, working with the Council staff to develop an overarching plan for ISRP review to
coordinate the tagging of salmon throughout the Columbia River Basin, including the recovery of
coded-wire tags in the fisheries, on the spawning grounds and elsewhere. In that plan, the sponsors
should:
* address the ISRP’s concerns and comments, including evaluating the magnitude of mini-
jacks among yearling coded-wire tagged Chinook salmon releases, and recording mini-jack
data in the RMIS database);
* address the recommendations of the Pacific Salmon Commission’s Coded-Wire Tag
Workgroup;
* provide information identified in RPA 62 of the 2008 FCRPS Biological Opinion explaining
how coded-wire tag data helps:
o inform our understanding of survival;
o inform our understanding of straying;
o inform harvest rates of hatchery fish by stock, rearing facility, release treatment,
and location;
» evaluate the viability of replacing coded-wire tags with newer more efficient tagging
techniques, including a transition plan to make these changes;



» consider the issues around the use of coded-wire tags in the context of all the tagging of all
types of salmon and steelhead in the basin, including the continued review of the use of PIT
and related tags described in the next issue below; and

* in collaboration with the Council staff and Bonneville, review the appropriate level of Fish
and Wildlife Program participation and Bonneville funding of coded-wire tagging.

Based on the plan and the ISRP review, the Council will then work with Bonneville and the
tagging agencies to revise the coded-wire tag projects for the appropriate level of future
funding. The Council may charter a formal facilitated workgroup consisting of coded-wire
tag project sponsors and Council and Bonneville staff and others to address the need within
the Fish and Wildlife Program for coded-wire tag information, a transition plan to
alternative, more reliable tagging technologies, and the appropriate level of Bonneville
funding for this work.

Projects 1982-01-301, 1982-01-302, 1982-01-303 and 1982-01-304, all having to do with coded wire
tags, included the following specific recommendations from the Council: Implement through FY
2013 with condition: Sponsor to participate in developing an over- arching plan on the future of
CWT as described in programmatic issue #9. Funding beyond 2013 subject to ISRP and Council
review of the plan.

During the Council’s 2010 and 2011 review of all Research Monitoring Evaluation and Acrtificial
Production projects’ the Fish and Wildlife Committee requested staff develop a charter for a
facilitated workgroup to address costs, efficiencies and gaps for all fish tagging efforts that take
place under the Council’s Fish and Wildlife Program, including expense, capital and
reimbursable programs. The Council approved the Forum charter in its’ regular July 2011
meeting.

Overview

Overall there are few gaps and many overlaps in the tagging systems now in place. Overlapping
efforts are not necessarily undesirable, as different tag technologies can often reinforce the level
of confidence in results and are often used for multiple projects. In addition, some tag
technologies have very specific and limited uses. Tagging coordination is generally well
developed and successful throughout the Columbia River basin.

In Fiscal Year 2012 BPA spent over $60,000,000 tagging or marking fish, detection of fish and
analysis of fish tag data. In FY 2012 BPA funded more than 157 projects to carry out tagging,
marking, detection or analysis of tag related data (Attachment 3.)

In 2012 in the Columbia Basin, approximately 200,000,000 tags of various types were applied to
anadromous fish, sometimes more than one tag type per fish (see Figure 1). BPA funds a
majority of the tagging either directly or indirectly, but other entities also fund fish tagging
efforts, such as the Mid Columbia Public Utility Districts, federal and state agencies and
Columbia River basin Indian Tribes, and investor owned utilities such as Idaho Power and PGE.

! Programmatic Issues # 9 (Coded-wire tags) and #10 (PIT tags and related tags) as part of the RME and AP
Category review by the Council on June 11, 2011



Fish Tagging Forum, Recommendations. NWPCC. May 2013.

Figure 1: Number of each tag type, not including adipose
fin clips, applied during 2011 (or if available, 2012) in the
Columbia River Basin.
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Most of the fish tagging activity summarized in Figure 1 occurs within the anadromous fish

migration and spawning areas of the Columbia and Snake Rivers (Figure 2.) The majority of the

fish receiving a tag or mark are hatchery origin Chinook salmon.

Figure 2. PIT tagged fish release and recovery sites. These PIT tag related sites give a sense
of the widespread distribution of all tagging activities in the Columbia River basin (Source:

PTAGIS).

Satellite | Ten

B Click to

‘- Large River Segments -

¢=

\— Streams & Small Rivers -

‘- Dams -

Q@

o ‘- Traps & Weirs -

Q@

‘- Avian Predator Colonies -

=

‘- Other Locations -




Table 1. Summary of the utility and characteristics of the most commonly used fish tags.

PIT CWT Genetics Acoustic/Radio | Special Use
(Otolith and
geochem)
Tag Use Hydrosystem Stock survival, Population Hydrosystem Life history
passage and survival, | productivity and | status, some route specific studies, hatchery
population status, distribution. harvest, some passage studies, | studies,
habitat studies, Fisheries habitat, relative | some habitat migration
predation studies and | composition and | reproductive studies, some timing, growth
some hatchery harvest rates. success studies. | population status | rates
studies. Distribution | Hatchery Broodstock studies
and in season run analyses. management
forecasting. Broodstock
management.
Tag-related Low to moderate low low high low
MortalityRisk
Fish type Mostly hatchery, Mostly hatchery | PBT: hatchery Mostly larger Hatchery fish
(wild & some wild only hatchery fish
hatchery) populations GSI: All fish
Fish Size >60mm >50mm Any >110mm Any
Geographic Entire fresh water Entire GSI: Entire Primarily at or Entire
Coverage anadromous zones to | anadromous Columbia River | near hydropower | anadromous
blocked areas zone and ocean | Basin for all structures and zone and ocean
Steelhead and associated
Chinook. reservoirs.
PBT: Primarily
Snake basin
hatchery
Steelhead and
Chinook
Duration of Life of fish or until Life of fishand | Life of fishand | Usually weeks, Life of fish to
tag expulsion, may last some post some post may be longer if | mortality
long in sediments mortality mortality low frequency

(e.g,uptolto4
years)

The Fish Tagging Forum

Because fish tagging is a significant and complicated topic, the Fish Tagging Forum (Forum)
was chartered by the Northwest Power and Conservation Council (Council) in July 2011. The
Forum was directed to evaluate the fish tagging activities and their cost-effectiveness and
program effectiveness under the Fish and Wildlife Program (Program), as well as other issues
identified in the March 2009 ISAB/ISRP report (ISAB/ISRP document 2009-1) regarding fish
tagging technologies and programs.

The Forum Charter defines several specific objectives for the Forum. A synopsis of

accomplishments relative to each of the objectives is provided in Attachment 1. Presentation
materials, meeting summary notes, and related documentation are available at
http://www.nwcouncil.org/fw/tag/home/.
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A number of information synthesis tools have been developed to support the development of
recommendations, including:

Tag-specific summaries;

Tag infrastructure schematic;

Data collection and management schematic;

Management Question and Indicator Spreadsheet;

Management Question, Indicator, and Tagging Technology Network Diagram;
Tag-specific Cost Information (from BPA and USACOE).

o U s wh e

Management Questions and Indicators:

Nineteen key Management Questions and one hundred seventeen Indicators related to fish,
mostly anadromous salmon and steelhead and supported by information gathered through fish
tagging in the Columbia Basin were a principal element of the Forum’s assessment (Attachment
2). Typically, a management question is answered through the use of a tagging program that
quantifies the indicator. For example, a Hydro related management question, such as “Are hydro
passage conditions providing safe and effective passage for adults that contribute to meeting the
performance standards and targets?” may be partially informed by measuring an indicator such
as “travel time” using PIT tags.

In addition to the technology focused presentations and discussions, the Forum members
identified what Management Questions and Indicators are supported by the tagging efforts in the
Basin. This understanding provides an important context for evaluating the tagging technologies
by capturing how information from each tagging technology is used to inform Columbia River
Basin management questions and their indicators.

Not all the legal and policy drivers that give rise to tagging related Management Questions are of
equal priority under the Council’s Columbia River Basin Fish and Wildlife Program. The
Council’s responsibilities are primarily driven by the mitigation requirements of the pacific
Northwest Electric Power Planning and Conservation Act of 1980 (Northwest Power Act). The
Northwest Power Act directs the Council to “protect, mitigate, and enhance fish and wildlife,
including related spawning grounds and habitat, on the Columbia River and its tributaries
...affected by the development, operation, and management of [hydropower projects] while
assuring the Pacific Northwest an adequate, efficient, economical, and reliable power supply.”
Under the Northwest Power Act, the Council’s Fish and Wildlife Program is not intended to
address all fish and wildlife problems from all sources.

Throughout the basin, NOAA’s National Marine Fisheries Service (NOAA Fisheries) and the
U.S. Fish and Wildlife Service are administering the Endangered Species Act, which requires
information gathering, planning, and mitigation actions. The four northwest states and all of the
Columbia Basin’s Indian tribes also have fish and wildlife initiatives under way.

The Program is not intended to pre-empt the legal authorities of any of these parties. The
Council’s Program is designed to link to and accommodate the needs of other programs in the
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basin that affect fish and wildlife. Measures implementing this Program are funded primarily by
Bonneville through revenues collected from electricity ratepayers. Although Bonneville has fish
and wildlife responsibilities under the Endangered Species Act and the Northwest Power Act,
both responsibilities can be met in the same set of actions. The Council will address both sets of
responsibilities wherever feasible.

The Fish and Wildlife Program activities related to increasing the total adult salmon and
steelhead runs in the Columbia River basin, particularly those that originate above Bonneville
Dam, are intended to complement regional harvest agreements. Examples of those harvest
agreements are the Columbia River Compact, the U.S. v Oregon Agreement and the Pacific
Salmon Treaty.

The Management Questions and Indicators have been organized around the following categories:
Hydro, Hatchery, Harvest, Habitat, Predation, and Species Recovery decision making. The
Forum established a clear connection between management questions and tagging efforts,
including instances when more than one tag technology is being, or can be, used to support
decision making and instances when only one technology can gather the necessary information.
For the purposes of conducting analyses and developing recommendations for the Council to
consider, the management questions and associated indicators the Council has identified in
previous decisions and in the Fish and Wildlife Program are helpful to focus the discussions
within the broader context. Visual aids and spreadsheets have also been developed to document
and communicate the relationships between questions, indicators, and tagging technologies.

Taqging Technologies: The Forum has received presentations from subject matter experts on
the following tagging technologies:

e Acoustic Tags

e Passive Integrated Transponder (PIT) Tags
e Genetic Markers (PBT and GSI)

e Coded Wire Tags (CWT)

e Otolith Marks and Scales

e Fin Clipping

e Radiotelemetry Tags

e Data systems used to manage tagging data

For each technology, the Forum has discussed the basic design, function and use of the tags;
associated detection, recovery, and data management infrastructure; costs; relevance to specific
management questions, application limitations, and potential for technological advancement.

The regions fish managers, action agencies and policy makers rely primarily on three long-term
tags and one short-term tag to provide the majority of information needed to address
management questions important under the Fish and Wildlife Program. These long term tags are
PIT tags, coded wire tags (CWT) and genetic markers. Genetic Stock Identification techniques
are increasingly being used to monitor wild salmon and steelhead populations throughout the
Columbia River basin. Parentage Based Tagging primarily involves the genetic tagging of



hatchery stocks and is most developed in the Snake River basin. The short term tag is an acoustic
emitter and detection methodology primarily used by the US Army Corps of Engineers.

PIT Tags The number of PIT tags inserted into various species of fish in 2011 and 2012 appears
in Table 2. The table provides insight into how the fish species and tagging mix varies somewhat
from year to year, but can be viewed as relatively stable overall.

Table 2. Total number of PIT tag insertions for 2011 and 2012.

Source: PTAGIS

Coded Wire Tags (CWT) CWT information is still coming in for 2012, but 2011 information of

Year 2011 2012
Chinook 1,811,529 | 2,036,438
Steelhead 556,677 562,157
Coho 136,066 118,131
Sockeye 79,365 81,162
All others 32,484 12,663

insertions by species is shown in Table 3.

Table 3. Total number of CWT, by species, inserted in 2011, for the Columbia Basin and Pacific

region.
Columbia

Basin Other Total

Species CWT CWT CTW
Chinook | 23,383,741 | 28,352,968 | 51,736,709
Coho 3,592,384 | 4,777,031 | 8,369,415
Steelhead | 2,616,073 329,135 | 2,945,208
Sockeye 415,567 25,548 441,115
TOTAL | 30,007,765 | 33,484,682 | 63,492,447

Condensed from a table provided by: Dan Webb, Regional Mark Processing Center

The data in the above two tables (Table 2 and 3) show clearly that Chinook salmon is the species
subject to the greatest amount of tagging with PIT or coded wire tags. The greater number of
tags, and often higher tag rates, result in Chinook salmon being used more widely to inform
management questions. Steelhead are not subject to commercial harvest in the ocean and thus are
CWT’d less intensely than Chinook and coho, which are targeted by ocean salmon fisheries. The
geographic distributions of species, ESA listings, and focus of Program projects drives a higher
level of PIT tagging for steelhead than coho.

Acoustic Tags During 2012 a total of 53,730 acoustic tags were deployed by the US Army
Corps of Engineers. Most of these tags were inserted into Chinook salmon. The purpose of these
tags was to provide data for route specific dam survival studies. Of the total number of



acoustically tagged fish in 2012, less than thirteen thousand were steelhead, and the remainder
were Chinook salmon. Figure 3 shows the species and geographic mix of fish used for the
acoustic tag studies.

Figure 3. Species and geographic distribution of acoustic tags in U.S. Army Corps of Engineers
studies in 2012.
Willamette

Chinook,
1,932

Steelhead, 12,715

In the Mid-Columbia River, Grant and Chelan PUDs have used acoustic tags over the past
decade to measure survival performances standards at dams and reservoirs of downstream
migrating juvenile salmon and steelhead. In these studies, acoustic tags were used to monitor
behavioral changes associated with modifications in dam operations and bypass structures to
increase non-turbine passage efficiency and overall survival.

Radio Tags Additionally, radio tags have been used in the region to answer specific fish passage
questions during a given life cycle phase, such as have ladder modifications increased upstream
fish passage guidance and/or efficiency of adult salmon, steelhead, or lamprey at a given dam or
a series of dams in the Columbia and/or Snake River basins. Radio tags are well suited for large-
scale movement studies in freshwater and at shallow depths (less than 10 m). Acoustic tags are
best suited for estuary based studies as radio signals cannot be detected in saline or brackish
waters.

Genetic Tags For genetic tagging, GSI baselines have been completed for wild steelhead and
Chinook salmon for the entire Columbia River basin, effectively tagging these species at the
ESU or MPG level throughout their entire range in the basin. These baselines are used to report
on the genetic diversity of these species throughout the CRB and to perform GSI at Bonneville
and Lower Granite Dams to estimate VVSP parameters associated with abundance and
productivity of wild stocks. These baselines have also been used to estimate the stock
composition of wild Chinook salmon and steelhead caught in the lower mainstem treaty
fisheries.

10



Adequacy of geographic and species coverage.

Tag technology use is not evenly distributed throughout the Columbia basin (Tables 4, 5 and 6).

The Forum was tasked to review issues related to fish tagging, such as the adequacy of
geographic coverage, span of species diversity, adverse biological impacts or completeness of
life cycle tracking. We have summarized tables for the CWT, PIT, and genetic PBT tagging
release data to examine geographic coverage, species, and life cycle monitoring

CWT For CWT there is a broad geographic and species coverage, but it is predominantly used

for Chinook and coho, due to the existence of coast wide sampling programs for tag recovery.

CWT tagging coverage is lacking for chum salmon because they are too small to tag with CWT

and they are relatively rare in the Basin. Otolith marks are typically used instead for chum

salmon. Sockeye and chum are not CWT’ed in large numbers because CWT sampling programs

for them are very limited in general. Wild stocks such as wild steelhead are typically not
CWT’ed because of the logistical difficulties. The other zeros in the table generally reflect the
few populations, low abundance, or lack of CWT needed for harvest information.

Table 4. 2011 CWT releases by region and species.

Spring Summer W.
Description Region CK CK Fall CK Coho Sockeye Chum  S. Stlhd Stlhd Totals
Below Bonneville L Col 1,998,146 NA 1,565,700 1,998,194 NA 0 0? 20,491 5,582,531
Bonneville - McNary M Col 1,412,129 NA 3,192,336 208,684 0 NA 62,146 0 4,875,295
Snake R Basin Snake 3128425 527,219 3702296 121,547 184,198 NA 2019140  NA 9,682,825
Above McNary U Col 2,437,495 3,321,622 2,098,373 1,263,959 231,369 NA 514,296 NA 9,867,114
Totals: 8,976,195 3,848,841 10,558,705 3,592,384 415,567 0 2,595,582 20,491 30,007,765

PIT tags The PIT tagging data is presented in Table 5. There is relatively good representation of

PIT tags in all geographic areas except below BON. Only 2% of the PIT tagged fish in the

Columbia basin are released below BON. This is because the infrastructure needed to recover

PIT tags is concentrated and most effective at mainstem Columbia River dams above BON.
Therefore, unless PIT tag infrastructure is installed below BON, this technology will have

limited application in this area. CWT will remain the most cost effective tag technology to
answer management questions downstream of BON. However, our ability to answer some

management questions will be less effective in this area without PIT tags.

Table 5. 2011 PIT tag releases by region and species.

Spring Summer W.
Region CK CK Fall CK Coho Sockeye Chum  S. Stlhd Stlhd Totals
Below Bonneville L Col 33,574 NA 11,917 7,891 NA 0 0 4,083 57,465
Bonneville - McNary M Col 120,325 NA 60,274 661 760 NA 44,768 6,222 233,010
Snake R Basin Snake 391,091 148,049 656,956* 14,981 68,147 NA 329,520 NA 1,608,744
Above McNary U Col 189,207 141,023 59,113 112,533 10,458 NA 172,084 NA 684,418
Totals: 734,197 289,072 788,260 136,066 79,365 0 546,372 10,305 2,583,637

* In FY 2013 PIT tagging of Snake River Fall Chinook has been reduced to 92,000.
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Genetic Tagging Parentage Based Tagging technology is less developed throughout the CRB,
with only one large basin (Snake) implementing 100% PBT tagging of steelhead and Chinook
salmon hatchery stocks (Tables 6a and 6b). However, CRITFC began PBT sampling programs
for all Chinook salmon and steelhead hatchery stocks above Bonneville Dam in 2011, and is
planning to initiate PBT sampling of all hatchery stocks below Bonneville Dam in 2013.

The Snake River PBT baselines for Chinook salmon and steelhead are currently being used in
conjunction with GSI baselines to estimate the stock composition of wild and hatchery Chinook
salmon and steelhead caught in zones 1-10.

Table 6a. Number of steelhead hatchery broodstock sampled and successfully genotyped for

PBT in the Snake River basin (2008 — 2011). Tagging rate, number of smolts produced and
number PBT tagged.

S T

2008 2009 2010 2011
Broodstock sampled 5,151 5,761 5,282 5,931
Genotyped 5,070 5,636 5,108 5,765
“Tagging” Rate of Offspring 96.9% 95.7% 96.9% 94.5%
Smolts Produced * ~9.01 mil ~10.08 mil  ~9.24 mil ~10.38 mil
Smolts “Tagged” ~8.74 mil ~9.65 mil ~8.96 mil ~9.81 mil

Table 6b. Number of Chinook salmon hatchery broodstock sampled and successfully genotyped
for PBT in the Snake River basin (2008 — 2011). Tagging rate, number of smolts produced and
number PBT tagged.

I R S

2008 2009 2010 2011
Broodstock sampled 10,836 8,849 8,290 8,410
Genotyped 10,630 8,493 8,235 8,329
“Tagging” Rate of Offspring 96.2% 92.1% 98.7% 98.1%
Smolts Produced * ~19.0 mil ~15.5 mil ~14.5 mil ~14.7 mil
Smolts “Tagged” ~18.3 mil ~14.3 mil ~14.3 mil ~14.4 mil
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Taqging Effects It is generally accepted that there are adverse affects from tagging. However,
these affects vary greatly depending on the tag type, fish size and condition, biological and
environmental factors, tagging procedures, etc. For ESA listed populations, NOAA issues
annual “take” permits to allow tagging and co-managers have permitting process for capture and
tagging of non-listed fish.

Data Systems: The Regional Mark Information System (RMIS) is a database for coded-wire-
tags (CWT). It stores CWT tagging, recovery, and sampling data. In addition, it stores fin mark
data such as the mass mark data, and provides age data. The Passive Integrated Transponder
(PIT) tag data is stored in PTAGIS. It stores tagging and recovery data along with biological
data from individual fish. It does not store sampling data so to estimate abundance sampling
data from other sources is used. For genetic markers there has been a switch from microsatellites
to single nucleotide polymorphisms (SNPs). CRITFC and IDFG are working toward developing
a publicly accessible SNPS data repository. An otolith marking data repository is kept by the
Working Group on Salmon Marking of the North Pacific Anadromous Fish Commission. The
goal is to coordinate otolith marking strategies between member countries (US, Canada, Russia,
Japan, Korea) to decrease overlap in patterns and to facilitate an improvement in the method
overall. Scale databases are maintained by management agencies.

Coordination: There is generally good tagging and tag recovery coordination within the various
agencies and tribes. This coordination occurs for management decision or local coordination for
population monitoring. The F&W program is primarily organized around subbasin plans and
individual projects, which does not promote programmatic tagging coordination. However, from
a cost-effective perspective increased programmatic coordination of both PIT and Acoustic
tagging could be valuable. Examples could include the annual purchase of PIT tags, and linkage
between tagging, recovery and reporting costs. Given the flexibility in answering multiple
questions with PIT tags this may be a natural area to improve coordination, along with cost
information.

Shared Infrastructure/Efficiencies: Tagging and recovery of salmon and steelhead tags to
address multiple management questions benefits from the shared infrastructure of the Fish and
Wildlife program. One example of the shared infrastructure to support multiple tag technologies
is the current fishery sampling program. For example, fishery samplers collect biological data,
genetic marker, CWT, and PIT tags, along with recover of radio and Floy tags. Another example
of the shared infrastructure is PIT tagging juveniles to estimate trap efficiency for smolt
abundance estimates. These PIT tagged fish are used by others to estimate juvenile and adult
hydro-system reach survival, smolt to adult returns (SAR), bird predation rates, PIT tag based
harvest estimates, etc. This opportunistic detection/recovery of PIT tags is considered a positive
externality by economists, where the tagging costs by one entity benefits another party that did
not incur this cost. In this case the benefits from the juvenile tagging at a smolt trap are a benefit
to the entire Fish and Wildlife program. This may be considered as strength of the PIT tag or
other tagging program, where multiple management questions may be answered by single tag
technology. However, due to these positive externalities, care must be taken if tagging is
restructured in the Fish and Wildlife program, because we have not linked all of the positive
externalities in the program. For example, if there was a decision to stop PIT tagging juvenile
salmon, we would not have bird predation estimates because they depend on juvenile PIT
tagging by others.
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Effectiveness Evaluation: Consistent with the Charter, the Forum considered effectiveness in
terms of Program Effectiveness and Cost Effectiveness. The considerations for these
components of effectiveness are defined below, followed by a discussion of outcomes of the
Forums evaluation.

Program Effectiveness: An assessment of how well the tag/mark serves the technical/decision-
making needs associated with the Bonneville funded F&W Program. Primary considerations
include:

1. Ability to support Management Questions and Indicators

Geographic Coverage

Species Diversity

Life Cycle Tracking

Reliability (e.g., tag loss and detection/recovery rate)

Biological Effectiveness (e.g., handling, tag/mark-related mortality)
Data Management and Coordination

No gk~ owd

Short versus Long-Term Applications: Fish tagging technology can be categorized as short-
and long-term for the purposes of analyzing their utility. Radio and acoustic tags are primarily
used in short-term (a few weeks) fish passage and migration studies as they are active tags
relying on an internal battery to power either a coded radio signal or a coded sound pulse on a
repeating, intermittent basis. After a period of time the batteries run down and the tag is no
longer capable of transmitting a signal, e.g., not detectable.

Long-term tags last the lifetime of the fish, unless they are expelled somewhere along the way,
which occasionally happens for a low percentage of fish. Long-term tags in common use in the
Columbia River basin are PIT, CWT, otolith marks, and fin clips. Fish scales can also be used as
tags to address some questions. Genetic markers, while not strictly a tag, function very much like
a tag to identify fish at various levels of resolution (ESU, population, hatchery, off spring).
Genetic stock identification (GSI) is increasing in use in the CRB and allows determining the
stock of origin of a fish. When genetic data on adult spawners are available then the use of
Parental Based Tagging (PBT) can identify the origin of a fish.

Support of Management Questions and Indicators: The Forum has also identified which tags
are considered Not Applicable, Primary, Secondary, Specialized Use or Future use technology to
answer a specific management question and the consequences of not having specific tag types
available to support decision making (REF Indicator Analysis Spreadsheets/Spider Chart).

The majority of the 117 indicators of interest can be informed through tagging technologies.
Nearly all of the indicators are monitored with multiple tag technologies. Multiple tags to assess
indicators or even within a single fish are not necessarily considered redundant. Often multiple
tags serve to validate information or serve different purposes. Some indicators are only currently
monitored with one tag type, although some other tag types could be used in the future if
adjustments are made. For instance, ocean harvest indicators could be monitored by either Coded
Wire Tags (CWT) or through genetics, but as a Pacific Salmon Treaty condition, only CWT are
currently being used for monitoring treaty compliance.
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For instance, the CWT system is currently the only methodology available to produce estimates
of stock and age specific ocean fishery mortality that are required to determine survival,
recruitment and productivity of each stock, partly because there is no coast wide sampling
program for any other tag types, like PIT tags or genetic samples. In the future, investments
could be made to implement a coast wide genetic sampling and data management system similar
to that for CWT, and genetic methods could be used to obtain stock composition of ocean
harvests. However, GSI alone does not provide the age-specific estimates required, and PBT is
applicable only for genetically "marked" fish (such as from hatcheries), so it is likely both would
have to be implemented in conjunction with each other.

Cost Effectiveness: An assessment of how the relative life-cycle costs of tagging/marking
technologies (from application to detection/recovery and associated data management) compare
when addressing similar management questions or indicators. Considerations include:

1. proportion of technology/infrastructure investment versus labor investment,

2. least-cost data collection strategies (see IEAB model),

3. coordination/consistency on methods and data reporting.

Annual Cost Benchmark: For the purposes of estimating costs, direct, indirect and
reimbursable costs to BPA are included. BPA and US Army Corps of Engineers staff have
estimated cost-related information for each tagging technology that includes all activities,
including tag insertion costs, tag detection costs and analysis of data generated from the tags.
The estimated tagging costs in FY2012, shown in Table 7, below, are considered generally
accurate, though not precise. Acoustic tag costs will vary quite a bit from year to year depending
on how many US Army Corps of Engineers dam passage performance standard studies in
Columbia/Snake River or Willamette Basin studies need to be conducted. BPA costs include
direct costs, indirect costs and reimbursable costs (Table 8).

Table 7. BPA’s best estimate of all BPA funded 2012 tagging costs for insertion, detection and
analysis of the tagging data.

Tag Technology | Bonneville Cost

CWT $ 7,500,000

PIT $ 23,800,000

Genetic $ 7,800,000 Only $5.5 Million is strictly genetic tagging
Radio $ 2,100,000

Acoustic $ 18,500,000 Varies significantly year to year

Others $ 1,700,000

Total $ 61,400,000

15



Table 8. BPA’s best estimate of all BPA funded 2012 tagging costs for insertion, detection and

analysis of the tagging data for direct, indirect and reimbursable costs.

Funding Tag Technology

Source CWT PIT Genetic | Radio Acoustic | Other TOTALS
Fish &

Wildlife

Program | $5,434,900 | $18,219,745 | $7,780,782 | $1,807,782 |  $951,585 | $1,474,317 | $35,759,111
LSRCP | $1,218,287 | $1,909,000 $3,127,287
COE $858,003 | $3,663,546 $234,600 | $17,559,502 | $219,000 | $22,535,551
TOTALS | $7,512,000 | $23,792,201 | $7,780,782 | $2,132,440 | $18,511,087 | $1,693,317 | $61:422,007

CWT - Cost Share. There are limitations in available data that make it difficult to precisely
estimate the CWT cost share. The Forum considers these estimates to be a reasonable
representation. The current CWT program is about $21.2M, with the BPA cost share to $7.5M
or approximately 35% of the funding for the CWT tagging and recovery program. The
remaining $13.7M of the CWT program is funded by others. This represents a minimum
because CWT data analysis cost from co-managers were not included.

Figure 4. BPA estimated funding for CWT tagging, recovery and data management for salmon
and steelhead fisheries, compared to other agencies’ funding for only CWT tagging and
recovery. There are additional substantial expenditures by other agencies on CWT data
management and analysis that are not included above.

Pacific Coast

Columbia Basin
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For species sampled for CWT in ocean fisheries, the tag recovery rates, taken in proper context,
can provide additional insight into information returns resulting from investments in tagging
technology. The following Table 9, shows ocean recoveries of CWT in Columbia River origin
fish. Steelhead, sockeye and chum recoveries are very low due to lack of sampling and because
chum are not CWT’d.

Table 9. Ocean CWT Recoveries

Year Chinook Coho Sockeye Chum*  Steelhead Totals
2011 6,958 2,577 1 0 4 9,540
2010 8,832 1,472 0 0 1 10,305
2009 5,364 4,364 2 0 9 9,739
2008 4,941 692 2 0 7 5,642
2007 4,502 2,763 4 0 1 7,270
Totals: 30,597 11,868 9 0 22 42,496

*Chum are generally not CWT due to small size

A similar analysis for PIT tags may not yield meaningful information. For example in 2011
about 2.8 million fish were PIT tagged in the Columbia basin. Of those tagged fish over 1.1
million survived release to be detected somewhere else. The total number of detections of these
1.1 million fish exceeded 15 million. While these numbers may be interesting they do not reflect
the utility of the detections. For example, if a group of fish was PIT tagged for the purpose of
calculating SAR from Lower Granite Dam juvenile to Lower Granite Dam adult, then the many
in between tag detections, while interesting, do not help inform the LGR to LGR SAR.

Cost-Effectiveness Modeling Tool: The Independent Economic Analysis Board (IEAB) is
developing a linear programming model to assist the Forum in structuring the cost-effectiveness
evaluation. This linear programming (LP) fish tagging model is an optimization model of the
Columbia River system, fish populations, migration, harvest, hydropower, hatchery, and fish
tagging objectives. The model characterizes a representative set of fish life cycles, normalized to
a one-year scale for the number of smolts, their migrations, returns, etc. Tagging activities are
introduced to produce the indicators that answer management questions related to these fisheries.
The model simulates juvenile and adult migrations, ocean survival and fishery harvests. Tagging
options in the model include PIT tags, coded wire tags (CWT), and genetic markers of two types,
Parentage Based Tagging (PBT) and Genetic Stock Identification (GSI). This analytical tool was
informed by the Forum process, but not available at the time the Forum developed the
recommendations provided below.
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Emerging technoloqy, particularly the future use of genetics

GSI can be used to determine origin and stock composition of mixed samples of both wild and
hatchery fish, but not by age, while PBT can provide fish origin by age, but only for genetically
"tagged" fish."” PBT can identify the origin of a fish only if at least one of its parents were
genetically sampled ("tagged"), and is therefore most practicable for identifying hatchery fish.
Therefore, PBT and GSI are most effectively applied together to assign individual fish (hatchery
or wild) to stock of origin.

For GSI, there have been rapid advancements in the development of single nucleotide
polymorphism (SNP) genetic baselines for Chinook salmon, steelhead and sockeye salmon
throughout the entire Columbia River basin (projects 2008-907-00 and 2010-026-00). These
baselines, along with non-lethal sampling programs at Bonneville Dam and Lower Granite Dam
are increasingly being used to report on the VSP parameters of diversity and abundance of wild
stocks as they migrate from the ocean back to native spawning areas in the basin. Genetic Stock
Identification appears to be the only technology that can “tag” wild salmon and steelhead at the
ESU or MPG level across the entire Columbia River basin and allow non-lethal tag “recovery”
through their entire life-cycle.

A genetic sampling and genotyping program for Chinook salmon has been in place for the
mainstem Columbia River fisheries (zones 1-10) since 2009 (CRITFC; 2008-907-00). A similar
pilot program was initiated in 2011 for steelhead (IDFG & CRITFC). Recently, both of these
programs have been able to demonstrate the benefit of integrating Parentage Based Tagging
(PBT) technology for hatchery stock assessment. Parentage Based Tagging is an emerging
technology for permanently genetically tagging hatchery stocks of steelhead and Chinook
salmon and it has the potential of addressing many of the same management questions currently
being addressed with CWTs in the Columbia River basin. Some of the primary advantages of
PBT include: low per sample tagging costs, no tag related mortality, non-lethal recovery of tags,
and the ability to address data needs associated with measuring genetic diversity, effective
population size and relative reproductive success. At the time of this review, the Snake River
basin is the only large basin that has initiated 100% PBT sampling and genotyping of steelhead
and Chinook hatchery broodstock (2010-031-00), and thus only Snake River hatchery stocks can
be identified via PBT when sampling lower mainstem CRB fisheries. CRITFC has initiated the
sampling of all Chinook salmon and steelhead hatcheries in the CRB in anticipation of extending
PBT technology outside the Snake River.

PST funding has been used to develop the coast wide microsatellite baseline for Chinook,
improve baseline genetic samples and further develop SNPs and analytical methods for using
genetic data. However, the use of GSI and PBT coast wide requires development of the rest of
the "system", including a coast wide genetic sampling system, increased lab capacity, analytical
tools to turn the data into useable information, standards for data sharing, and database systems.
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Recommendations:

The following recommendations, with a near-term, mid-term or long-term time frames for
implementation are presented as the Forum’s consensus, unless presented as alternatives for
those few recommendation that do not have the Forum’s consensus. A near term
recommendation is meant to be implemented immediately after the Council adopts the
recommendation. Mid-term recommendations are meant to be implemented over the next year.
Long-term recommendations are designed to be implemented over three to five years to allow
implementers time to adjust to the effects of the recommendations. The Forum recommends that
any reduction in funding associated with the recommendations below would be available for
redirection to other F&W projects.

Over arching Recommendation:

There are potential risks to natural spawned juvenile fish during the process of capture, sedation,
handling and tag insertion. The Forum recommends that NOAA provide guidance in
coordination with state, tribal, and other researchers/experts regarding best practices for tagging
ESA-listed salmonids. This is a mid-term recommendation.

1. PIT Tags

PIT tag technology is heavily used within the Columbia River Basin, perhaps more so than
anywhere else in the world. PIT tags are the preferred tag type for freshwater life cycle
monitoring. The Forum does not envision any substantial immediate changes in the use of PIT
tags, though a few important issues need to be addressed prior to federal or BPA funding of
additional PIT tag activities and systems as described in the following recommendations.

Recommendations

a. Inthe near-term, implement an annual PIT tag coordination and review forum
including federal, state, tribal, utility representatives and other entities for both fish
and wildlife projects with the purpose of reviewing short-term and long-term study
plans relying on the use of PIT tags to;

i - Evaluate opportunities to increase efficiency of tag use in a way that minimizes
costs and reduces the number of fish tagged; and

ii - Provide input and review of the PIT tag forecasting system for the purchase of
PIT tags in the Columbia Basin.

b. Unaccounted for PIT tag loss and other tag effects may bias results of studies (e.g.,
reach survival or smolt-to-adult return estimates) that rely on this technology for
their conclusions. Currently, the rate of PIT tag loss and other tag effects beyond a
short holding period following tagging is not well understood. The Forum
recommends the Council sponsor periodic subject matter expert evaluations of rates
of PIT tag loss and effects of tagging on fish behavior and survival throughout the
life cycle to understand how it affects confidence in critical parameters derived
from PIT tag studies. This is a long-term recommendation.
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c. By increasing the number and geographic distribution of detection sites, it is
possible to use fewer PIT tags to monitor multiple indicators. The Forum
recommends the Council utilize the IEAB and ISAB to work together with
interested regional partners to develop an analytical tool to evaluate trade-offs
between PIT tagging levels, detector arrangements and the accuracy and precision
of parameters used in making priority management decisions. This is a long-term
recommendation.

d. PIT tag monitoring of harvest has only been recently initiated in the basin. At the
completion of the current PIT tag harvest monitoring project (2010-036-00), the
Council and ISRP should follow a deliberate and measured approach to evaluate the
project. This is a long-term recommendation.

2. Coded Wire Tags

The Forum recognizes the use of CWT to answer multiple management questions considered by
the Forum, in particular harvest and hatchery management (see Attachment 2, 5 and indicator
analysis spreadsheet.). The CWT system (tagging, sampling and database) is the only tagging
methodology under current sampling programs to distinguish fishery mortality from natural
mortality in the ocean, and to provide age and stock specific ocean and Columbia River Basin
exploitation rates that are required to calculate overall survival and productivity. The Forum
evaluated the current use of CWT to determine where efficiencies might be gained

Recommendation:

a. The Forum recommends that we eliminate routine coded wire tagging of steelhead and
sockeye because they are not sampled in the ocean at levels significant enough to influence
decision making (see Table 9). However, some coded wire tagging of these species will be
necessary for specific research projects and hatchery operations and evaluations. [Funding
reduction is uncertain but may be up to $500,000 ] This is a long-term recommendation.

b. However, the Forum could not reach a consensus recommendation on the funding
responsibility for all uses, therefore alternatives have been identified for funding CWT
activities. The proponents for each alternative may present their thoughts on merits and
consequences of each alternative to the F&W Committee and Council directly and/or in
writing.

i.  Alternative 1: Maintain status quo funding [$7.5 million]
ii.  Alternative 2: Over 3 year transition period, reduce BPA funding for fishery catch
sampling and associated analysis [Eliminates $1.9 million in annual project
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funding]®. http://www.nwcouncil.org/media/6827185/CWT-cost-spreadhseet-by-
Bonneville-4-8-13-related-to-recommendation-1b.xIsx

iii.  Alternative 3: Over a 3 year period, reduce BPA funding for tagging at Mitchell
Act Hatcheries [Funding reduction of $0.6 million]?

iv.  Alternative 4. Increase CWT funding, if necessary, to achieve CWT program
objectives (e.g., desired sampling rate at 20%)

3. Genetic Tags

The use of genetic tagging (GSI and PBT) for monitoring and evaluating wild and hatchery
stocks continues to increase throughout the CRB. BPA funded projects have constructed
extensive SNP GSI baselines for wild steelhead and Chinook salmon for the entire Columbia
River basin. These baselines, along with non-lethal sampling programs at Bonneville Dam and
Lower Granite Dam are increasingly being used to report on the VSP parameters of diversity and
abundance of wild stocks. Parentage Based Tagging technology is more developed in the Snake
River basin than elsewhere in the Columbia River basin and now most Snake River hatchery
Chinook salmon and steelhead returning to the Columbia River are PBT tagged. Efforts to
sample hatchery stocks outside the Snake River basin were initiated in 2012.

Recommendation: The funding of on-going FWP projects developing and evaluating genetic
methods (GSI and PBT) should continue consistent with the projects’ goals and objectives.
After 5-10 years of monitoring have been completed the effectiveness and efficiency of the
genetic methods should be evaluated for broader application. The funding of new projects
within the FWP should follow a deliberate and measured approach to consider how those new
projects would complement existing projects. This is a near-term recommendation

4. Acoustic Tags:

Acoustic technology is being used by the US Army Corps of Engineers on the Willamette and
Columbia rivers to address performance standard testing requirements from 2008 and 2010
Biological Opinions as well as to gather behavioral information to support identification and
evaluation of fish passage technologies, operations and techniques. The technology allows the
Corps and NOAA to understand Fish Passage Efficiency, Spill Passage Efficiency, route-specific
survival and dam passage survival. In the Columbia and Snake Rivers the Corps of Engineers is
using the Juvenile Salmon Acoustic Telemetry System (JSATS) tagging technology. JSATS is
very precise, data rich and expensive which leads the Forum to make the following two
recommendations, which should be implemented consistent with the FCRPS BiOp.

2 These recommendations do not apply to projects funded under the fish and wildlife accords. The NW Power Act
prohibits BPA from funding state or federal agencies “in lieu” of their own sources of funding. In other words, state
or federal funding cannot by law be replaced by BPA funding and this practice should be discontinued.
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JSATS is very helpful in understanding dam specific fish survival characteristics. However, with
the exception of lamprey passage needs, few, if any, major structural or operational
modifications are being considered by the Corps of Engineers for implementation at its dams on
the Columbia and Snake Rivers. The following recommendation pertains to listed salmonids, not
to lamprey and other non-listed species.

Recommendations:

a. The Forum recommends a twenty or more year interval between JSATS studies at
USACE operated dam(s) unless major modifications to the structures or
operations at the dams require updated information about fish survival at the
dam(s). Furthermore, before future JSATS studies are implemented the Corps of
Engineers, in collaboration with NOAA Fisheries and the Council, should
evaluate whether existing, less expensive, tag technologies could be used and if
acoustic tags are the appropriate technology for the research objectives, then what
is the appropriate data collection required (i.e., presence/absence, two-
dimensional or 2D, or three-dimensional or 3D, which provides depth
information), to provide adequate information to assess juvenile survival at the
dam(s) at a lower cost. This is a near-term recommendation.

b. Also, within one year of date of this recommendation The Corps of Engineers in
consultation with NOAA should develop a long term 20 year plan for acoustic tag
studies within the Columbia and Willamette River basins. This plan should
include the purpose of studies, coordination planning to be done with other
entities that may be using acoustic tags, locations of the studies, study dates and
estimated costs for acoustic tag studies that are envisioned over the next 20 years.
This plan should be shared with the Council and the region for comment. This is
a mid-term recommendation.

c. The Council should sponsor a public review of the USACE 2014 to 2018 forecast
for JSATSs performance testing cost and schedule for potential additional
efficiencies and associated cost savings.

5. Radio Tags: Radio technology is being used by the US Army Corps of Engineers on the
Columbia and Snake Rivers and associated tributaries to evaluate adult salmon and
steelhead upstream passage performance per the requirements from 2008 and 2010
Biological Opinions. The Council should continue to support the use of radio tags for
specialized purposes to meet the evaluation criteria for specific research objectives and
should continue to be used when appropriate for short-term study designs. This is a near-
term recommendation.
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6. Recommendations regarding the systems used to organize and track tagging data

The Regional Mark Processing Center maintains the Regional Mark Information System (RMIS)
which is the shared database for coded-wire-tags (CWT). RMIS stores CWT tagging, recovery,
and sampling data. In addition, it stores fin mark data such as the mass mark data, and provides
age data. The Passive Integrated Transponder (PIT) tag data is stored in PTAGIS. It stores
tagging and recovery data along with biological data from individual fish.

Recommendations
a. Extend PERC process to evaluate potential improvements in the PIT tag and CWT
regional databases (PTAGIS and RMIS) that provide important data sharing and analysis,
leading to good decision making for our shared salmon resource on the Pacific Coast.

b. Implement a regional SNPs genetics database at PSMFC that can be shared in the same
manner as the current PTAGIS and RMIS databases.

c. Link the PTAGIS, RMIS, and SNPs databases to bring more power to these databases,
leading to easier and more complete regional mark/tag data analysis (i.e. linking fish with
multiple marks or tag in these databases).

d. Through BPA contracting procedures, provide better documentation of tagging protocols
through MonitoringMethods.org. This is a near-term recommendation.

e. Evaluate the costs and benefits of incorporating tag-related cost-tracking components into
future upgrades to PISCES, and CBfish.Org. This is a long-term recommendation.
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List of Attachments:

Attachment 1: Fish Tagging Forum objectives and information organization tools
Attachment 2a: Management Questions and Indicators

Attachment 2b: SARS - Smolt to Adult return rate

Attachment 2c: Spider chart

Attachment 3: Council questions to the ISAB and ISRP

Attachment 4. BPA projects that fund tagging efforts in the Columbia River basin.
Attachment 5. Analysis of the objectives of each tagging effort.

Attachment 6: Indicator Analysis spreadsheet

Additional tables, diagrams, analytical products, presentations and documents can be found at:
http://www.nwcouncil.org/fw/tag/home/
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Attachment 2a.
Management Questions and Indicators

Nineteen key Management Questions and one hundred seventeen Indicators related to fish,
mostly anadromous salmon and steelhead and supported by information gathered through fish
tagging in the Columbia Basin, were a principal element of the Forum’s assessment. Typically, a
management question is answered through the use of a tagging program that quantifies the
indicator. For example, a Hydro related management question, such as “Are hydro passage
conditions providing safe and effective passage for adults that contribute to meeting the
performance standards and targets?” may be partially informed by measuring an indicator such
as “travel time” using PIT tags

Population Status and Indicators

Are the populations (trending towards) meeting the goals of the viability parameters?
A) Abundance
B) Diversity
C) Spatial distribution
D) Productivity

What are survival rates through various life stages?
A) Fry-to-smolt
B) Fry/Parr/Smolt Tributary to estuary
C) First year ocean survival
D) First year ocean survival to maturity
E) Adult spawning migration
F) SAR
G) Parr to Smolt

Hydro-System

Are salmon and steelhead meeting juvenile and adult hydro passage performance standards and
targets for the HCP, FCRPS BiOP and Accords?

A) Hydrosystem Survival juvenile
B) Hydrosystem Survival adults
C) Project (Dam and reservoir) Survival (juvenile fish)

D) Fish Guidance Efficiency (assume both spill passage efficiency and fish guidance
efficiency)

E) Forebay Delay

Are hydro passage conditions providing safe and effective passage for adults that contribute to
meeting the performance standards and targets?

A) Dam Passage Delay

B) Dam Passage Fallback and reaccension

C) Travel Time

D) Migration timing(between dam migration=PIT, radio; run-timing arr at BON = PIT)
E) SAR (specific to studies re: in-river vs. transported; project and passage survival)

Are hydro passage conditions providing safe and effective passage for juveniles that contribute to
meeting the performance standards and targets?

A) Fish Condition (health, growth rate and bioenergetics)
B) Bonneville through Estuary (Lower Columbia River) Survival, Behavior and Travel

Time

C) Route-Specific Survival (through individual dam passage routes - e.g., turbine,

spill, bypass)

D) Reach Survival
851 S.W. Sixth Avenue, Suite 1100 Steve Crow 503-222-5161
Portland, Oregon 97204-1348 Executive Director 800-452-5161
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E) Travel Time
F) Juvenile Dam Passage Delay
G) Migration timing (overwintering, residence time, in-season)
H) SAR
What conditions affect the relative benefit of in-river passage versus transport?
A) Juvenile survival
B) Smolt-to-Adult Return Rates
C) Measuring physiological stressors & environmental conditions
D) Tributary Survival, Straying Rates
E) Post-hydrosystem juvenile behavior, survival and travel time
F) Predation rate
What are effective configurations and operations to reduce impacts on sturgeon and lampreys?
A) Age one recruitment for sturgeon
B) Passage numbers and directions for sturgeon and lamprey
C) Entrainment rates for sturgeon and lamprey
D) Number of sturgeon trapped in draft tubes and in fishways (not normally assessed
with tags)
E) Impingement rates of lampreys on fish bypass screen (not addressed by tag
studies)
F) Adult lamprey passage

Habitat

Are tributary habitat actions achieving the expected benefits?
A) Juvenile production in tributary habitat (NOF, parr abundance and survival)
B) Relationship of tributary habitat actions and productivity (out-migrating)
C) Spawning distribution (gross distribution info, specific spawning distribution relies
on snorkeling, redd count etc)
D) Fish in - escapement / spawning ground
E) Fish out - outmigrant
F) Post-Hydrosystem Adult Survival (i.e., survival from last dam to tributaries)
G) Rearing distribution (reach scale within trib including abundance & movement)
H) Juvenile salmonid growth rates
1) Patterns of movement (juveniles/adults)
J) Patterns of timing (juveniles/adults)
K) Residency (in trib, reservoirs, )
Are Estuary habitat actions achieving the expected benefits?
A) Life history diversity index
B) Salmon and steelhead smolt survival from Bonneville Dam through the estuary
C) Juvenile salmonid growth rates
D) Migration timing
E) Patterns of movement
F) Patterns of timing
G) Residency
H) Estuary distribution and habitat associations by stock
1) Fish density
J) SAR
K) Estuarine life histories among returning adults
What is the ocean's /plume effect to population status / recovery?
A) Length of time
B) Growth rate
C) Predation
D (ii) Ocean
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D(i)plume
E) Productivity
F) Maturation (maturation rates and age structure)

Hatcheries

Are mitigation hatchery programs meeting their specific production goals?
A) Juvenile/Smolt production
B) Adult harvest/returns/escapement
C) Juvenile to adult survival rates
Are mitigation hatchery programs being managed to meet conservation objectives?
A) Proportion and origin of hatchery fish within natural spawning populations (pHOS)
B) Reproductive success of hatchery-origin fish compared to natural origin fish
Are conservation hatchery programs reducing the extinction risk of certain listed populations?
A) Adult abundance (harvest returns and escapment)

B) Juvenile productivity (of the listed population ; also need adult information), natural
origin fish from supplementation

C) SAR

D) Proportion and origin of hatchery fish within natural spawning populations (pHOS,
pNOB)

E) Reproductive success of hatchery-origin fish compared to natural origin fish

Harvest

Are harvest management actions effective in meeting conservation responsibilities?
A) Run size forecasts
B) In-season updates (abundance-based management)
C) Post season run reconstruction FCRPS BiOP Limited to specific stocks
D) Stock-specific (ESU, MPG etc) harvest by fishery (includes CRB and ocean
fisheries)
E) ESA-listed population impact rate as well as FCRPS BiOP for selective fishery
research projects
F) Non ESA-listed population harvest rate
G) Area-specific harvest accountability (e.g. harvest sections below BON, sections
above BON, or areas in Ocean fishery)

H) Release mortality
1) SAR (at least six definitions of SAR)
Are harvest programs being managed to contribute to recovery of ESA listed populations?
A) Direct and indirect harvest of ESA-listed salmon - required by harvest BiOps
B) ESA-listed population impact rate - required by harvest BiOps
C) Run size forecasts (abundance based management)
D) In-season updates (abundance based management)
E) Post season run reconstruction
F) SAR
Is harvest effectively managed to meet Treaty Indian/non-Indian allocation requirements and other
management responsibilities?

A) Total Treaty and non-treaty harvest by stock in the Columbia River

B) Total Treaty and non-treaty harvest by stock in U.S. ocean (South of Canada)
C) Tributary Harvest

D) Run size forecasts

E) In-season updates (abundance based management)

F) Post season run reconstruction

G) Stock-specific (ESU, MPG etc) harvest by fishery
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H) Other state management catch objectives (e.g., sport fisheries, state management
objectives/policies)
Is harvest managed to meet the requirements of International treaties? (PST)
A) Pre-season abundance forecasts for U.S. and Canadian stocks
B) Total harvest by stock in U.S. ocean
C) Total harvest by stock in Canadian fisheries
D) Harvest impact on wild stock indicators

E) Escapement accountability of wild stock indicators (status of PST wild stock
Indicators)

Predation

Are predator management actions providing expected survival rate improvements?
A) Caspian tern predation rates on juvenile fish populations
B) Double-crested Cormorant predation rates on juvenile fish populations
C) Other combined avian predation rates on juvenile fish populations
D) California and Steller sea lion predation rate on fish in the lower Columbia River
E) Northern Pikeminnow annual predation rate on fish
F) Other aquatic predator species (e.g., smallmouth bass, walleye, etc.)
What is the effect of alternatives/actions used to reduce the impact of predators?
A) Distribution and population size of No. Pikeminnow in Columbia and Snake basins

B) Distribution & population size of other major fish predators in Columbia/Snake
basins

C) Annual exploitation rate of No. Pikeminnow removed in sport-reward program
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Attachment 2b
SARs - Smolt to Adult Return Rate

The Forum identified several instances, at least six, where SAR (Smolt to Adult Return rate) was
an important Indicator that various tagging technologies were intended to inform in different
situations. Despite its” importance, SAR is not an Indicator that can be easily defined in a single
manner; rather, it is a generic term for a ‘family’ of similar Indicators. The Forum convened a
subgroup to explore SAR in more detail. The results of the subgroup discussions are summarized
below.

SARs are referenced in the 2009 Fish and Wildlife “...Program continues to include a set of
quantitative goals and related timelines for anadromous fish. These include, among others,
increasing total adult salmon and steelhead runs to an average of 5 million annually by 2025 in
a manner that emphasizes the populations that originate above Bonneville Dam and supports
tribal and non-tribal harvest, and achieving smolt-to-adult return rates in the 2-6 percent range
(minimum 2 percent; average 4 percent) for listed Snake River and upper Columbia salmon and
steelhead.”

Smolt to adult return rates (SARs) are a measure of survival from smolt outmigration to adult
return. Depending upon the species, tag type, and research/management question, smolt
outmigration and adult returns may be enumerated at various locations (e.g., Bonneville to
Bonneville, Dworshak Hatchery to Lower Granite, or tributary to tributary). Therefore, SARS
must therefore be explicitly defined based on the enumeration points. The SAR indicator
incorporates all sources of mortality between the smolt and adult life stages. In the Tagging
Forum, we noted that SARs are used for NPCC program goals as an indicator for management
questions and as data input for management decisions. Therefore, SARs can be found in many
of our management categories. For example in the population status and recovery management
category, SAR is a key parameter for extinction risk, regardless of the source of mortality. This
was the rationale for including SARs as a high level indicator in the Columbia Basin
Anadromous Coordinated Assessments (CA) project. For other analyses, such as the
effectiveness of management actions taken to improve survival by reducing hydro, hatchery, or
harvest impacts, SARs remain an important indicator of overall success. However, to accurately
assess the effectiveness of specific management actions, it may be necessary to separate river
and ocean mortality with additional information, such as in-river PIT tag survival, or CWT
information on ocean and in-river exploitation rates. Predicted SAR can also be used as data
input for management decisions. For example, the Pacific Fisheries Management Council
(PFMC) adopted amendment 13 in 2000, which regulates coho salmon fishery impacts based on
the escapement estimates and forecasted SARs. Given the importance of SARs, their widespread
use, and variable measurement points it is important to document the data and methods used to
estimate SAR. The CA project has developed data exchange standards for efficient, consistent,
and transparent data-sharing for SARs.

The Forum participants identified a number of ways that tag data derived SARs are used to
answer Management Questions relating to Columbia River basin salmon and steelhead:
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Management Question

Indicator SAR

Are harvest management
actions effective in meeting
conservation
responsibilities (PST,
FCRPS relies on data e.g.,
RPA 62, US v OR)?

Smolt to adult return (multiple measurements): Survival from
beginning of downstream migration, typically hatchery release or
tagging and release of in river migrants, to return as adults to the
point of origin or other specified point. This measurement
accounts for mortalities occurring during the juvenile migration,
ocean, and adult return phases of the life cycle. To parse specific
causes of mortality, or mortality during specific life stages,
different geographic start and end points may be used. For
example, harvest impacts are one of the components used to assess
exploitation rates on stocks of concern and are an essential element
in the total mortality estimate.

Are harvest programs being
managed to contribute to
recovery of ESA listed
populations?

Smolt to adult return (multiple measurements): Survival from
beginning of downstream migration to return as adults. Metric
includes harvest-related mortality occurring during the ocean and
adult return phases of the life cycle and is used to estimate the
effect of harvest regulation on escapement.

What are survival rates
through various life stages?

Smolt-to-Adult Return Rates: Multiple and varied points of
measurement including: trib-trib, trib-BON, BON-BON, 1st dam
encountered by juvenile to BON, 1st dam encountered by juvenile
to last dam

Are hydro passage
conditions providing safe
and effective passage for
adults that contribute to
meeting the performance
standards and targets?

Smolt-to-Adult Return Rates (multiple and varied points of
measurement): a relative comparison metric specific to studies re:
inriver vs transported fish; project and passage survival)

What conditions affect the
relative benefit of in-river
passage versus transport?

Smolt-to-Adult Return Rates (multiple and varied points of
measurement): a relative comparison metric specific to studies re:
in-river vs transported fish.

Are conservation hatchery
programs reducing the
extinction risk of certain
listed populations?

Smolt to adult return (multiple measurements): Survival from
beginning of downstream migration to return as adults. Metric is
used to assess the effect of broodstock and adult escapement
reform measures on captive rearing programs and stock rebuilding
programs that contribute to the growth of genetic resources and
promote recovery of listed populations.
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Attachment 2c - Management Questions, Indicators and Tag use and priority -- Spider Chart

[Insert 11” x 17 Spider chart here]
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Attachment 3
Council questions to the ISAB and ISRP

It is worth briefly looking at the Council’s intent when questions about tagging arose in 2008.
The Council requested that the ISAB and ISRP address six questions which resulted in the 2009
ISAB/ISRP report on Tagging. As a result of information gathered over the last year and a half
during the Fish Tagging Forum, those questions could be concisely answered in the following
manner:

1. Can the coordination of fish tagging projects and programs, both within and outside of the
program, be improved?

There is generally good tagging and tag recovery coordination within the various agencies and
tribes. This coordination occurs for management decision or local coordination for population
monitoring. The F&W program is primarily organized around subbasin plans and individual
projects, which does not promote programmatic tagging coordination. However, from a cost-
effective perspective programmatic tagging coordination could be valuable. Examples could
include the annual purchase of PIT tags, and linkage between tagging, recovery and reporting
costs. Given the flexibility in answering multiple questions with PIT tags this may be a natural
area to improve coordination, along with cost information.

Acoustic tagging is short in duration, intermittent and expensive. As a result, substantial
efficiencies may be realized if entities coordinated acoustic tag studies to maximize the amount
of information derived from the release point of each tagged fish by having detection arrays
deployed downstream at their facilities simultaneously.

2. Can the compatibility between the results of different tagging studies be increased?

Given the relatively high degree of coordination, the use of well developed public tagging data
bases and the agreements on tag coding sequences among all parties, it is uncommon to
encounter incompatabilities in tagging studies.

3. Can the Council, through its Fish and Wildlife Program, best encourage the development
and use of innovative tagging technologies relevant to program RM&E needs?

There are a wide variety of fish tagging technologies available to researchers and mangers,
resulting in few management questions that cannot be answered through tagging. Genetic
techniques are being well tested now and hold the promise of being more widely used for a
variety of purposes, with the advantage that genetic sampling is non-lethal. A vexing problem
that still lacks a good solution is how to get good, frequent detections of any tag in the lower
Columbia River, estuary and plume below Bonneville Dam.
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4. Do gaps exist in the Basin’s capacity to collect life history information at the project or
program scale because of lack of relevant technology?

No significant gaps exist due to a lack of tag technology. However, non-BPA funding of tagging
efforts is generally on the decline throughout the range of Columbia River salmon and steelhead,
making maintenance of existing infrastructure and systems problematic.

5. Can criteria be developed for determining the most cost-effective tagging technology during
the project review process?

See the section on the efforts of the IEAB to model cost effectiveness..

6. How can this element of the program be made more cost-effective?

Greater cost efficiency can be realized through continuous efforts to align BPA funding of fish
tagging with Fish and Wildlife Program priority goals and objectives.
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Attachment 4.

BPA projects that fund tagging efforts in the Columbia River basin in whole or in part.*

CWT Tagqing Projects (not including Lower Snake Compensation Program)

1982-013-01
1982-013-04
1982-013-02
1982-013-03
1988-053-07
1988-053-08
1985-038-00
1983-350-03
2010-036-00
1990-005-00
1993-060-00
1995-063-25
1995-063-35
1996-040-00
1996-043-00

1998-010-04
2007-402-00

2008-306-00

1989-098-00
2010-057-00

PSMFC CWT (PSMFC)

WDFW CWT (WDFW)

ODFW CWT (ODFW)

USFWS CWT (USFWS)

Parkdale Hatchery (Warm Springs Tribe)

Hood River Production Program (ODFW)

Colville Hatchery Ops (Colville Tribe)

NPT Hatchery RM&E (Nez Perce Tribe)

Columbia R. CWT Recovery & Analysis (WDFW)

Umatilla Hatchery RM&E (ODFW)

S.A.F.E. (ODFW)

Yakima River RM&E (Yakama Tribe)

Klickitat River RM&E (Yakama Tribe)

Mid-Columbia Reintroduction Feasibility Study (Yakama Tribe)
Johnson Creek Artificial Propagation Enhancement (Nez Perce Tribe)

Monitor and Evaluate (M&E) Performance of Juvenile Snake River Fall Chinook Salmon from

Fall Chinook Acclimation Project (Nez Perce Tribe)
Snake River Sockeye Captive Propagation (IDFG)
Deschutes River Fall Chinook Research and Monitoring (Warm Springs Tribe)

Salmon Studies in Idaho Rivers (IDFG)
B run steelhead

PIT Tagging Projects

2008-508-00
2008-502-00
1990-080-00
1991-028-00
2007-406-00
2010-042-00
2001-003-00
2010-035-00
2007-299-00
1988-053-03
1988-053-04
1988-064-00
1988-053-08
1983-319-00
1983-350-03
1986-050-00
1987-127-00
1989-024-01
1989-098-00
1990-005-00
1990-005-01
1990-044-00

Power Analysis Catch Sampling Rates (CRITFC)

Expanded Tribal Catch Sampling (CRITFC)

Columbia Basin PIT Tag Information (PSMFC)

PIT Tagging Wild Chinook (USFWS)

Lower Snake River Compensation Plan PIT Tag Reimbursement (USFWS)
Tucannon Expanded PIT Tagging (WDFW)

Adult PIT Detector Installation (NOAA)

Abundance, Prod, Life History of 15mile Creek Winter Steelhead (ODFW)
Investigation of RRS of Hatchery Stray SH in Deschutes (ODFW)

Hood River RM&E (Warm Springs Tribe)

Hood River RM&E (ODFW)

Kootenai River White Sturgeon Aquaculture Conservation Facility (Kootenai Tribe)
Hood River Production (ODFW)

New Marking and Monitoring Technologies (NOAA)

Nez Perce Tribal Hatchery RM&E (Nez Perce Tribe)

Evaluate Sturgeon Populations in the Lower Columbia River (ODFW)
Smolt Monitoring by Non-Federal Entities (Fish Passage Center)

Evaluate Umatilla Juvenile Salmonid Outmigration (ODFW)

Salmon Studies in Idaho rivers (IDFG)

Umatilla Hatchery M&E (ODFW)

Umatilla Basin Natural Production Monitoring and Evaluation (Umatilla Tribe)
Coeur D'Alene Reservation Fisheries Habitat (Coeur D'Alene Tribe)
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1990-055-00
1990-077-00

1991-019-01

1991-029-00
1992-026-04
1993-029-00

1993-056-00
1994-042-00
1995-004-00
1995-027-00
1995-063-25
1995-063-35
1996-019-00
1996-020-00
1996-035-01
1996-040-00
1996-043-00
1997-004-00
1997-015-01
1997-030-00

1998-007-02

1998-010-04

1998-016-00
1998-019-00
2000-039-00
2001-003-00
2002-053-00
2003-017-00
2003-039-00

2003-041-00

2003-063-00

2006-008-00
2007-156-00
2007-157-00
2007-401-00
2007-402-00
2008-306-00
2008-308-00
2008-311-00
2008-471-00

2008-503-00

2008-518-00
2008-718-00
2008-724-00

Idaho Steelhead Monitoring and Evaluation Studies (IDFG)

Development of Systemwide Predator Control (PSMFC)

Hungry Horse Mitigation/Flathead Lake Restoration and Research, Monitoring and Evaluation
(Salish & Kootenai Tribe)

Research, monitoring, and evaluation of emerging issues and measures to recover the Snake
River fall Chinook salmon ESU (USFWS)

Grande Ronde Early Life History of Spring Chinook and Steelhead (ODFW)

Survival Estimate for Passage through Snake and Columbia River Dams and Reservoirs
(NOAA)

Advance Hatchery Reform Research (NOAA)

Trout Creek Operations and Maintenance (ODFW)

Libby Reservoir Mitigation Restoration and Research, Monitoring and Evaluation (MFWP)
Lake Roosevelt Sturgeon Recovery (Spokane Tribe)

Yakima River Monitoring and Evaluation-Yakima/Klickitat Fisheries Project (Yakama Tribe)
Klickitat River Monitoring and Evaluation-Yakima/Klickitat Fisheries Project (Yakama Tribe)
Data Access in Real Time (University of WA)

Comparative Survival Study (Fish Passage Center)

Yakama Reservation Watershed Project (Yakama Tribe)

Mid-Columbia Reintroduction Feasibility Study (Yakama Tribe)

Johnson Creek Artificial Propagation Enhancement (Nez Perce Tribe)

Resident Fish above Chief Joseph and Grand Coulee Dams (Kalispel Tribe)

Imnaha River Smolt Monitoring (Nez Perce Tribe)

Chinook Salmon Adult Abundance Monitoring (Nez Perce Tribe)

Grande Ronde Supplementation Operations and Maintenance and Monitoring and Evaluation
on Lostine River (Nez Perce Tribe)

Monitor and Evaluate (M&E) Performance of Juvenile Snake River Fall Chinook Salmon from
Fall Chinook Acclimation Project (Nez Perce Tribe)

Escapement and Productivity of Spring Chinook and Steelhead (ODFW)

Wind River Watershed (WDFW)

Walla Walla River Basin Monitoring and Evaluation (CTUIR/WDFW)

Adult PIT Detector Installation (NOAA)

Asotin Creek Salmon Population Assessment (WDFW)

Integrated Status and Effectiveness Monitoring Program (NOAA)

Monitor and Evaluate Reproductive Success and Survival in Wenatchee River (WDFW)
Evaluate Delayed (Extra) Mortality Associated with Passage of Yearling Chinook Salmon
through Snake River Dams (NOAA)

Natural Reproductive Success and Demographic Effects of Hatchery-Origin Steelhead in
Abernathy Creek, Washington (USFWS)

Mainstem Columbia Amendments Research at Libby Dam (MFWP)

Rock Creek Fish and Habitat Assessment (Yakama Tribe)

Bull Trout Status and Abundance on Warm Springs Reservation (Warm Springs Tribe)

Kelt Reconditioning and Reproductive Success Evaluation Research (CRITFC)

Snake River Sockeye Captive Propagation (IDFG)

Deschutes River Fall Chinook Research and Monitoring (Warm Springs Tribe)

Willamette Falls Lamprey Escapement Estimate (Warm Springs Tribe)

Natural Production Management and Monitoring (Warm Springs Tribe)

Upper Columbia Nutrient Supplementation (Yakama Tribe)

Studies into Factors Limiting the Abundance of Okanagan and Wenatchee Sockeye Salmon
(CRITFC)

Upstream Migration Timing (CRITFC)

Non-Native Fish Hot Spots (ODFW)

PIT Purchase for COE (discontinued after FY 12)
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2009-001-00
2010-030-00
2010-032-00

2010-034-00

2010-042-00
2010-057-00
2008-307-00

2010-076-00

2008-109-00
2003-007-00

2011-014-00

Expanded Multi-Species Acclimation in the Wenatchee/Methow Basins (Yakama Tribe)
Provide VSP Estimates for Yakima Steelhead MPG (Yakama Tribe)

Imnaha River Steelhead Status Monitoring (Nez Perce Tribe)

Upper Columbia Spring Chinook and Steelhead Juvenile and Adult Abundance, Productivity
and Spatial Structure Monitoring (WDFW)

Tucannon Expanded PIT Tagging (WDFW)

B-run steelhead supplementation effectiveness research (Nez Perce Tribe)

Deschutes River Sockeye Development (Warm Springs Tribe)

Characterizing migration and survival for juvenile Snake River sockeye salmon between the
upper Salmon River basin and Lower Granite Dam (IDFG)

Resident Fish Research, Monitoring and Evaluation (Colville Tribe)

Lower Columbia River Estuary Ecosystem Monitoring (LCREP)

Evaluate Status & Limiting Factors of Pacific Lamprey in the lower Deschutes River,
Fifteenmile Creek and Hood River Subbasins (Warm Springs Tribe)

Acoustic Tagging Projects (not including Army Corps JSATS studies)

1988-065-00
1994-043-00
2003-114-00
2008-004-00
1994-047-00

Kootenai River Fishery Investigations (IDFG)

Lake Roosevelt Data Collection (Spokane Tribe)
Coastal Ocean Acoustic Salmon Tracking (Kintama)
Sea Lion Non-Lethal Hazing (CRITFC)

Lake Pend Orielle Kokanee Mitigation (IDFG)

Genetic Projects

2010-031-00
2008-907-00
2009-005-00

2010-026-00

2003-063-00

1989-096-00
1989-098-00
2003-039-00

2003-054-00

1991-073-00
2002-030-00
1990-055-00

1991-019-01

1991-019-03
1993-056-00
1994-049-00
1995-063-25
1995-063-35
1998-016-00
2002-037-00
2003-007-00
2007-246-00

2007-299-00

Snake River Chinook and Steelhead Parental Based Tagging (IDFG)

Genetic Assessment of Columbia River Stocks (CRITFC)

Influence of Environment and Landscape on Salmonid Genetics (CRITFC)

Chinook and Steelhead Genotyping for Genetic Stock Identification at Lower Granite Dam
(IDFG)

Natural Reproductive Success and Demographic Effects of Hatchery-Origin Steelhead in
Abernathy Creek, Washington (USFWS)

Genetic Monitoring and Evaluation (M&E) Program for Salmon and Steelhead (NOAA)
Salmon Studies in Idaho Rivers (IDFG)

Monitor and Evaluate Reproductive Success and Survival in Wenatchee River (NOAA/WDFW)
Evaluate the Relative Reproductive Success of Hatchery-Origin and Wild-Origin Steelhead
Spawning Naturally in the Hood River (Oregon State University)

Idaho Natural Production Monitoring and Evaluation (IDFG)

Salmonid Progeny Markers (CTUIR)

Idaho Steelhead Monitoring and Evaluation Studies (IDFG)

Hungry Horse Mitigation/Flathead Lake Restoration and Research, Monitoring and Evaluation
(Salish and Kootenai Tribes)

Hungry Horse Mitigation Habitat Restoration and Research, Monitoring and Evaluation
(MFWP)

Advance Hatchery Reform Research (NOAA)

Kootenai River Ecosystem Restoration (Kootenai Tribe)

Yakima River Monitoring and Evaluation-Yakima/Klickitat Fisheries Project (Yakama Tribe)
Klickitat River Monitoring and Evaluation-Yakima/Klickitat Fisheries Project (Yakama Tribe)
Escapement and Productivity of Spring Chinook and Steelhead (ODFW)

Freshwater Mussel Research and Restoration (CTUIR)

Lower Columbia River Estuary Ecosystem Monitoring (LCREP)

Restoration of Bull Trout Passage at Albeni Falls Dam (Kalispel Tribe)

Investigation of Relative Reproductive Success of Stray Hatchery & Wild Steelhead &
Influence of Hatchery Strays on Natural Productivity in Deschutes (ODFW)
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2007-156-00 Rock Creek Fish and Habitat Assessment (Yakama Tribe)
2007-401-00 Kelt Reconditioning and Reproductive Success Evaluation Research (CRITFC)
2009-009-00 Basinwide Supplementation Evaluation (CRITFC)
2007-404-00 Spring Chinook Captive Propagation-Oregon (NOAA/ODFW)
2008-306-00 Deschutes River Fall Chinook Research and Monitoring (Warm Springs Tribe)
2010-030-00 Project to provided VSP Estimates for Yakima Steelhead MPG (Yakama Tribe)
2008-504-00 Sturgeon Genetics (CRITFC)

Estimate Adult Steelhead Abundance in Small Streams Associated with Tucannon & Asotin
2010-028-00 Populations (WDFW)
2007-402-00 Snake River Sockeye Captive Propagation (IDFG)
1988-053-04 Hood River Production Monitor and Evaluation (ODFW)
1996-043-00 Johnson Creek relative reproductive success

Radio Tag Projects

1990-005-01  Umatilla Basin Natural Production Monitoring and Evaluation (CTUIR)

1992-026-04  Grande Ronde Early Life History of Spring Chinook and Steelhead (ODFW)

1994-026-00  Pacific Lamprey Research & Restoration Project (CTUIR)

1995-063-35  Klickitat River Monitoring and Evaluation-Yakima/Klickitat Fisheries Project (Yakama Tribe)

2002-030-00  Salmonid Progeny Markers (CTUIR)

2002-032-00  Snake River Fall Chinook Salmon Life History Investigations (USGS)

2007-246-00  Restoration of Bull Trout Passage at Albeni Falls Dam (Kalispel Tribe)

2008-109-00 Resident Fish Research, Monitoring and Evaluation (Colville Tribe)

2010-076-00 Characterizing migration_ and survival for juyenile Snake River sockeye salmon between the
upper Salmon River basin and Lower Granite Dam (NOAA)

1995-027-00 Lake Roosevelt Sturgeon Recovery (Spokane Tribe)

2010-030-00 VSP Estimates for Yakima Steelhead (Yakama Tribe)

2010-057-00 B Run steelhead

Other Tagging

and Marking Projects (otolith, floy, scales, spaghetti, calcien, jaw tags, etc.)

1991-051-00 Modeling and Evaluation Statistical Support for Life-Cycle Studies (University of WA)
2002-030-00  Salmonid Progeny Markers (Umatilla Tribe)
1991-073-00  Idaho Natural Production Monitoring and Evaluation (IDFG)
1994-033-00  Fish Passage Center (PSMFC)
1995-027-00  Lake Roosevelt Sturgeon Recovery (Spokane Tribe)
2008-307-00  Deschutes River Sockeye Development (Warm Springs Tribe)
Rufus Woods Habitat/Passage Improvement, Creel and Triploid Supplementation (Colville
2007-405-00 Tribe)
2007-403-00  Spring Chinook Captive Propagation-ldaho (IDFG)
1990-077-00  Development of Systemwide Predator Control (PSMFC)
1991-046-00  Spokane Tribal Hatchery Operations and Maintenance (Spokane Tribe)
2002-032-00  Snake River Fall Chinook Salmon Life History Investigations (USGS)
2003-007-00  Lower Columbia River Estuary Ecosystem Monitoring (LCREP)

*Does not include the Lower Snake River Compensation Program or the USACOE studies on the Columbia, Snake
and Willamette Rivers.
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Attachment 5.

Analysis of the objectives of each tagging effort.

What is the objective of each tagging effort and are the right tags being used, or proposed to be used, to accomplish
that objective.

In the Tagging Forum, a total of 117 management questions were identified that relied on
tagging. The appropriateness of tag type is a qualitative categorical variable based on its ability
to provide an adequate answer to the management question. Based on the January and February
2013 meeting notes and spreadsheet comments the categories are: 1) Primary (P), which
indicates it is the current primary tag technology used in decision making, 2) Strong Secondary
(SS), which indicates this current tag techonology is a secondary source of information critical to
current decision information or an emerging primary technology, 3) Weak Secondary (WS),
which indicates this current tag techonology is a secondary source of information not critical to
current decision information , 4) Specialized (SP) indicates that this tag technology currently has
limited application, 5) Future (F) indciates that this technology is not currently being used to
address the management question but that a future application is being explored, and 6) Not
Applicable (NA) indicated that this tag technology is not appropriate to answer the management
question.

The primary tag type that answered the most predation management questions was the PIT tag
(33%). For predation no other tag types were considered primary (Figure 1). Acoustic tags types
are currently are weak secondary or specialized appilation.

Predation (n=9)
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Figure 1. Ability of tagging types to answer predation Tagging Forum management questions
not including SAR. Abberviations in the figure for tag type are (Primary=P, Strong
Secondary=SS, Weak Secondary=WS, Special Project=SP, Future=F, and Not Applicible = NA).

For harvest estimates, CWT were the primary tag type for 100% of the management questions,
while the PIT tags and genetic markers were the primary tag types for 19% and 4%, respectively.
Genetic and PIT tags cannot currently answer all havest management questions (Figure 2).
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However, continued advances in genetic markers show it is a strong secondary tag and has a high
potential.
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Figure 2. Ability of tagging types to answer harvest Tagging Forum management questions not
including SAR. Abberviations in the figure for tag type are (Primary=P, Strong Secondary=SS,
Weak Secondary=WS, Special Project=SP, Future=F, and Not Applicible = NA).

PIT and CWT were the primary tag types for population status monitoring answered 30% or the
management questions (Figure 3). Other tag types were the primary tag type of less than 10% of
the management questions.

Pop Status/Rec (n=10)
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Figure 3. Ability of tagging types to answer population status Tagging Forum management
questions not including SAR. Abberviations in the figure for tag type are (Primary=P, Strong
Secondary=SS, Weak Secondary=WS, Special Project=SP, Future=F, and Not Applicible = NA).
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The primary tag type to address hydro management questions is the PIT tag (Figure 4) .
However, acoustic and radio tags are the primary tag type to assess specific project passage
routes and survival using those routes.

Hydro (n=28)
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Figure 4. Ability of tagging types to answer hydro Tagging Forum management questions not
including SAR. Abberviations in the figure for tag type are (Primary=P, Strong Secondary=SS,
Weak Secondary=WS, Special Project=SP, Future=F, and Not Applicible = NA).

PIT tags were the primary tag type to answer ~ 75% of the habitat management questions (Figure
5). Other tags types were the primary tag type for less than 10% answered of the management
questions. For high interest management question, PIT tags were the primary tag type for 90%
of the management questions and radio tag types for 10%.
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Figure 5. Ability of tagging types to answer hydro Tagging Forum management questions not
including SAR. Abberviations in the figure for tag type are (Primary=P, Strong Secondary=SS,
Weak Secondary=WS, Special Project=SP, Future=F, and Not Applicible = NA).

For hatchery management questions, CWT were the primary tag type for 54% of the
management questions (Figure 6). The adipse fin clip, genetic, and PIT tags were the primary
tag types for 27%, 18%, and 18%, respectively of the hatchery management questions.
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Figure 6. Ability of tagging types to answer hatchery Tagging Forum management questions not
including SAR. Abberviations in the figure for tag type are (Primary=P, Strong Secondary=SS,
Weak Secondary=WS, Special Project=SP, Future=F, and Not Applicible = NA).

In summary, the all management questions cannot be answered by a single tag type. Each tag
type has areas in which it is currently the only tag type to provide sufficient information to an
answer a management question (primary or strong secondary). For example, acoustic and radio
tags excell at identifying dam passage routes and survival using those routes. PIT tags are the
only technology to answer predation questions. CWT are the only technology to answer some
harvest and hatchey. Genetic is the only techmology available to assess mitigation hatchery
programs conservation responsibility (i.e. relative reproductive success). The primary tag type
that answered the most management questions were the PIT tag (48%) and the CWT (33%).
Other tag types were considered primary for less than 13% of the management questions (Figure
7). Genetics markers currently are not a primary tag type but have the most future potential.
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All Managment Categories (n=110)
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Figure 7. Ability of tagging types to answer all and high interest Tagging Forum management
questions not including SAR. Abberviations in the figure for tag type are (Primary=P, Strong
Secondary=SS, Weak Secondary=WS, Special Project=SP, Future=F, and Not Applicible = NA).
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Attachment 6: Indicator Analysis spreadsheet

[Insert Indicator Analysis Spreadsheet here.]
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Attachment 6.

c:\users\grover\desktop\ftf decision memo committee 29april2013 final.docx (Tony Grover)

45



Predation

Effect of alternatives/actions

used to reduce the impact of
predators

Management Question Network Diagram

P
3B Total treaty and non-
treaty harvest by stock in
U.S. ocean (S. of Canada)

Conservation

International
Treaties

almon and steelhead

juvenile and adult
hydro passage
performance

AE Escapement
accountability of
wild stock indicators

P

4D Harvest impact on
wild stock indicators

. . P
Survival rate improvements
from predator management 1 o Recovery of ESA Allocation
actions listed populations Requirements
P WS PSS
4A Pre-season
abundance forecasts for
ws ind Canadian stocks'
4B Total harvest by
b reat:t:a::::yba:olir:; stock in U.S. ocean
o luml| iyRivr P
predatiol 2 oIk
juveni
ws 1C- Othe
avian predat]
juvenile fish! lifornia ller sea
Wws dation fish in
1B - Doub wer Co River
Cormorant py ws S P ws
on juvenile fis|
ws
PP P
.°It “ .
P P ss estual sp P
WS SS PSS
- ar ocean
1- e Ty
P
2C First year

[—=--- 1
| 2A Fry-to-smolt |

Viability parameter’
oals of population:

ocean survival

Survival rates through
various life stages

Conservation

opulation Status

and Recovery

Production goals

Hatchery

S Sapere

CONSULTING
(2013-4-25)_FTF Spider Chart.vl

by stock
Canadian fisheries

3

otal harvest

ip of
actions
ion

WS~ Ws

e

P PSP WS SP

| “5EImpingement |
| rates of lampreys on |
SP__ | fishbypass screen |

[5D Number of sturgeon

Sturgeon and
lamprey

Conditions of in-

N SP SP.
river passage versus
transport
Hydro passage
conditions adult
passage standards
and targets
Hydro passage
conditions juvenile
passage standards
and targets
P
3C Rout:
sul
3B Bonnevi
Estuary survi
and tray
SP WS SS
2B Salm|
smolt si
thre
P sp Ws 3
2K Estu:
2 WS __Ws

WS P
i
time
P SP
3D(i) Plume life

histories among
returning adults

PP PP
D ean
E
g ad

p

1
r3C Predation |

ration

P sp
atterr
ovem

Ocean/plume effect

Estuary benefits

Tributary benefits

Tag Importance to Indicator
P=primary

SS=secondary but currently critical and/
or emerging primary

WS=secondary but not currently critical
F=future

SP=specialized use

NA=not applicable

Colored band indicates future
application opportunity




Xs|x‘wnJo4 3ui33e] ysi4 - 199yspeasds sisAjeuy Joiedipu| 43y 9 Juswydeny

9Uo0 ueyj aJ1ouw sj

Aljeysow aseady (H UOI}BAIDSUOD SUIISW Ul DAINDHD 1S9AJeH
N S5 N N . SM 3 0 suol1oe Juswadeuew 1saAley aly (T
art (4O ASN ‘79 vdY “89 1s9nIeH
uolsanb yum juepunpal aq Aew siyi -- (A1aysiy uesasQ elep uo sal|94 SdHD4 ‘1Sd) sanjigisuodsau
VN | VN [ VN 4 d VN VN dS 0 ul seale Jo ‘NOg 2A0Qe SUOI1I3S ‘NOg MO|a( SU0I3I3S UOIIBAI9SUOD SUIID3W Ul SAIIIDYD
1s9AJey “8°9) Ayjigelunodoe 1sanley d1410ads-ealy (9 suol1oe Juswadeuew 1saniey Yy (T
91eJ 1sanJey uone|ndod paisi-yS3 UON (4 i(HOASN ‘29 VdY “89 1S9AJeH
Blep Uo sal|aJ SdYD4 ‘1Sd) sem|iqisuodsal
VN VN VN SS « VN VN SS 0 UOI}BAIDSUOD SUIID3W Ul DAINIDYD
suoljoe Juswadeuew 3saniey iy (T
s309(oad youeasas Auaysiy 9A13093S 404 dO!d UOI}BAIDSUOD SUIISW Ul DAINDHD 1S9AJeH
VN S5 VN SS . ds VN S5 0 Sd¥D4 se [|om se a1ed 1oedwi uonendod paist-ys3 (3 suol1oe Juswadeuew 1saAiey aly (T
(sa1iays1y ueaso pue gy sapnjout) UOI}BAIDSUOD 3UI1SW U] AN 1SanJeH
VN 55 VN 55 . VN VN | SM 0 Auaysiy Aq 1saniey (919 DdIA ‘NST) 214199ds-3203S (a suol3oe Juswadeuew 3saAley iy (T
S)201s 214129ds 01 UOI1BAJDSUOD SU1}99W Ul DAINDHD 1S9AJeH
UN S5 N SM . N VN SS 0 Pa1WIT dOI9 SdYD4 UOI13dNIISUOIDI UNJ UOSESS 350d (D suoljoe Juswadeuew 3saniey iy (T
(ruswadeuew paseqg-aduepunge) sayepdn uoseas-u| (g UOI1BAJDSUOD SU1}DaW Ul DAINDDYHD 1S9AJeH
N 55 N SM . N VN 0 suolloe Juswadeuew 1saAley Yy (T
S15e29.404 9IS uny (v UOI1BAIDSUOD SUIIS3W Ul AN 1S9AJeH
VN VN VN SS . VN VN SS 0 suolloe Juswadeuew 1saAley aly (T
weudoud piemas-110ds ul parowal ésJolepaud jo 3oedwi syl 9dnpad 03 pash uollepald
VN | VN [ VN | VN [VN | VN VN [ SM : . .
1 MOUUIW|Id "ON JO 931eJ uolleyiojdxa [enuuy (D] Suollde/saAlleulalje JO 109443 ay3 Sl 1eym (¢
suiseq 9)eus/elquin|o) ui siolepaud ésJolepaud jo 1oedwi 9yl 9dnpad 03 pash uollepald
N N N YN | VN [ VN VN SM T ysty Jolew Jayio jo azis uoireindod 13 uoiNquisIq (g| suolde/sanlleulal|e JO 129443 ay3 Sl 1eyM (¢
suiseq 3)eus pue eiqwn|o) ul ésldolepaud jo 3oedwi syl 9anpaJ 03 pasn uolepald
VN VN VN VN VN | VN VN SS | Mmouulwadld ‘oN Jo 3zis uoile|ndod pue uonnguisig (| suollde/saAlleulal|e JO 109443 ay3 Sl 1eyM (¢
(-010 ‘@A9)|1EM ‘sseq éSjuawanosduwil uollepald
VN | VN | VN | VN |[VN| VN | VN | dS 0 yinowjjews “8-a) sapads Jojepaid anenbe Jay1Q (4 a1eJ [eAIAINS pa1dadxa Suipinoad
suoloe Juswagdeuew 101epaid 94 (T
ysi4 uo 91eJ uolzepald |enuue mouuiwadid UdYHOoN (3 éSiuawanosduwil uollepaid
VN VN VN VN VN | VN VN SM\ 0 931eJ |eAIAINS paldadxa Sulpinoad
suofloe juswaSeuew Jojepald auy (T
JOAIY BIqWIN|0) JOMO| Y} Ul éSiuawanosduwil uollepald
VN | SM [ VN | VN [VN | dS dS | SM T ysl4 uo 91ed uojzepald uol| as J3||931S pue elusoied (d 9jeJ |eAIAINS pajdadxa Sulpinoad
suonop uawadeuerl Joirnaid oIy (T
suone|ndod ysi} éSjuswanosdwil uolnepald
0 9JluaAn( uo sajeJ uolzepald uejae paulqwod JaYl0 (D 91eJ |eAIAINS pa3dadxa Suipinoad
suopoe luswadeuew J01enald 9y (T
suopre|ndod ysiy ajuaAn| éSiuawanosduwil uollepald
0 uo sa3eJ uollepald Juesowuo) palsaLd-a|gnoq (g 93eJ |eAIAINS pa12adxa Sulpinoad
suolloe juswaSeuew Jolepald aly (T
suolye|ndod éSjuswanosdwil uolepald
0 ysij 9j1usaAn( uo saieus uonepald uia) ueidse) (v 93eJ |eAIAINS pa1Iadxa Sulpinoad
suojoe juswadeuew Jojepald auy (T
(s9A=0 “ON=T) Aio8a3e)
éd|qedidde ASojouyda Joyeaipul uolIsanY jusawasdeuep
juswaseuelp

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d

Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
3'9) Arepuodas 3uousis=sS ‘Asewud=4) Joiedipu| 01 duenodw| pue adA] Sej




Xs|x‘wnJo4 3ui33e] ysi4 - 199yspeasds sisAjeuy Joiedipu| 43y 9 Juswydeny

(ruswa8euew paseq aduepunge) sazepdn uoseas-uj (3 ésalnigisuodsau 1S9AJeH
VN SS VN VN 0 Juswia3deuew J9Ylo pue syuswalinbals
uoljedo|je uelpuj-uou/ueipu| Ayeas |
199w 01 padeuew A|DA1309449 1s9AIRY S| (€
S1sedaJ04 9zIs uny (@ ésalnigisuodsau 1S9AJeH
VN VN VN VN SS 0 Juswiadeuew J9Ylo pue syuswalinbal
uoledo||e uelpuj-uou/uelpu| Ayeas |
199w 01 padeuew A|DAI109449 1S9AIRY S| (€
1sanseH Aseinquy (D ésaljiqisuodsau 1SanJeH
VN N | YN YN 4 0 Judwadeuew JaY3lo pue syusawalinbau
uoljedo|je uelpuj-uou/ueipu| Ayeas |
199w 01 padeuew AjDAI1109449 1s9AIRY S| (€
(epeue) Jo yinos) uead’o ésanljigisuodsau 1S9AJeH
VN N | YN YN YN I 'S'N Ul y201s Aq 1sansey Ajeasy-uou pue Aleas] |eyo] (g Juswadeuew JaYy3lo pue syusawalinbau
uoljedo|je uelpuj-uou/ueipu| Ayeas |
199W 01 padeuew A|DAI1109449 1S9AIRY S| (€
JOAIY elqwn|o) ésanlgisuodsau 1S9AJeH
YN N | wN VN ' I 9y3 u1 32031s Aqg 1saniey Aleasl-uou pue Ajead] |ejo] (Vv Juswadeuew JaY3lo pue syusawalinbau
uoljedo|je uelpuj-uou/ueipu| Ayeas |
199w 01 padeuew AjDAI1109449 1S9AIRY S| (€
"Juswadedss uo uonengdal 1saAley JO 199449 9yl 1S9AJeH
91eWI31Sd 0} Pash S| pue 3|2Ad 34| ay3 Jo saseyd uanial
VN | VN [ VN VN 0 }Inpe pue ueado ay3 Sulnp ulIN220 AjljelIoW pajejal isuonejndod
-1S9AJBY S9PN|IUl JLIBIA "S}NpPEe Se uiniaJ 01 uollesSiw pa3sl| ¥S3 J0 Alanodau 03 3Inqli3uod
WEeaJI1suMop 4o SuluuISaq wody [BAIAING - YyS (4| O3 padeuew 3uiaq sweigoud 1saniey auy (g
UOI19NJ3SUOI3J UNJ UOSeS 150 (3 ésuonendod 1S9nJeH
VN SS VN VN SS 0 pa1s!| ¥S3 Jo Alanodal 01 91nqLIU0d
01 padeuew 3uiaq sweadoud 1saniey auy (g
(1uswa8euew paseq ssuepunge) sazepdn uoseas-u| (aQ ésuonendod 1S9AJeH
VN SS VN 0 paisi| ¥S3 40 AJan0daJ 03 93NQIIIU0D
03 padeuew 3ulaq swea3oud 1saniey auy (g
(ruswa8euew paseq sduepunge) S1sed9404 3zIs uny (D ésuonendod 1S9AJeH
VN | VN | VN VN | SS 0 Pa3si| ¥S3 40 A13A0I31 03 INQLIIUOD
01 padeuew 3uiaq sweadoud 1saniey auy (g
sdoig 1saniey ésuonendod 1S9AJEH
VN VN VN SS 0 Aq paJinbau - 1ed 1oedwi uonzeindod paisi|-ys3 (g pa1si| ¥S3 40 AJan023J 03 93NQIIIU0D
03 padeuew 3ulaq swea3oud 1saniey auy (g
sdoig 1saniey Ag paJinbau ésuonelndod 1S9AJeH
VN | SM | VN VN dsS 0 - uowl|es paisl|-y¥ST JO 1svAIeY 10341pul pue 12au1q (V paisi| ¥S3 4o Auanodau 01 91nqLIIU0d
01 padeuew 3uiaq sweadoud 1saniey aly (g
VN VN VN VN 0 pue 3ui33e) 40 ases|a4 Aiayoley AjjeaidAl ‘uonesdiw UOI1BAIDSUOD 3UII99W U] AN 1SanJeH
weaJisumop Jo 3uluui3aq woudy |eAIAINS-YYS (| suoljoe Juswadeuew 3saAley iy (T
%S %V oJO hoo.V 4 .w_nmu__ahmmmﬁm%_mﬂﬂu“ Joyeaipul uonsanY jusawaseuelp Aioared
& %o 3 3 Y ‘ : ) ) juawasSeue

9Uo0 ueyj aJ1ouw sj

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d

Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
“3'9) Arepuodas Suousis=sS ‘Asewiud=d) Joledipu| 03 souelodw| pue adA] Sej




Xs|x‘wnJo4 3ui33e] ysi4 - 199yspeasds sisAjeuy Joiedipu| 43y 9 Juswydeny

(3jows 03 Auy suaja4d YYON) }ows-031-Ai4 (e éso8e1s oy J9Yy/sn1eis
VN VN 3 YN | VN | VN | snolieA y3noayl sa1ed |eAIAINS aJe 1eyM (¢ dod
(erep Aysionip pue ésJ1a1oweled 29y /snieis
VN | VN = SS d VN 0 ddouepunge uo paseq Joledipul paAlap) AlAIdONpPoId (P Ayjigeia aya jo sjeos ayy Sunesw dod
(spsemoy Suipuauy) suolejndod ay3 aJy (T
uoinnguasip |eneds (2 ésJa1pweled J9Yy/snie1s
VN | VN [ VN [ VN [SM | SM | SM [ SM 0 Ayjigeia aya jo sjeos ayy Sunesw dog
(spsemo3 BuipuaJi) suonendod ay3 aay (T
Ansiania (q ésl1a1oweled 29y /sn1eis
SS | VN 4 d SM | VN VN SS 0 Ayijigein aya jo sjeos ayl Suneaw dog
(spsemoy Buipuaul) suonendod ay3 a4y (T
{Juepunqy (e éSia1pweled (syo01s
Ayijigein ays jo sjeod ay1 unssw pais!| vs3)
UN = N S5 SM | VN N S5 0 (spsemol Suipuauy) suoneindod ay3 auy (T 29y /snieis
dod
(s101e21pU| 32031S P|IM 1Sd 4O SNIeIS)|(1Sd) éSo131eD4] [BUOIIRUIDIU| JO SJUBWIINbAU 1S9AJeH
VN | VN | VN = d VN VN | VN T $J103e21pUl 3203S p|IM Jo Alljigeiunodde Juswadedsy (3 3y} 19aw 0} paseuew 1sanley s (f
SJo1edipul }201s pjim uo 1edwl 3santeH (A|(1Sd) éSo11ead [euolleusalu] Jo syusawadinbau 1S9AJeH
VN VN VN d d VN VN VN T 9Y31 199w 01 padeuew 1saniey S| (¢
S9149ysl4 ueipeue) ul 32031s Aq isaniey [e3o] (D[(1Sd) ¢Sa11ea43 |euoileusalu) Jo susawalinbal 1S9AJeH
VN VN VN = d VN VN VN T 9y} 199w 01 padeuew 1saniey s| (¢
uead0 ‘S'N Ul 3201s Aq 1sansey [e1o] (9{(1Sd) ¢ S211ea43 |euoiieusalu] Jo suswalinbal 1S9AJeH
VN VN VN = d VN VN VN T 9y31 199w 01 padeuew 1saniey S| (7
$)201s uelpeue)|[(1Sd) ¢So13eaJ3 |euUOIIBUIIU| JO SIUBWIINDA 1S9AJeH
VN VN VN 4 d VN VN VN T pue ‘S’ 404 SISE29404 duepunge uoseas-ald (v 9y} 199w 01 padeuew 1saniey s| (¥
(ss1o1j0d/saAnoalqo Juswadeuew a1els ‘saluaysly 1ods ésaljiqisuodsau 1sanleH
8'9) saA1303[qo yoes Juswadeuew a3e3s 1Y (H Judwadeuew Jaylo pue syuswalinbal
VN SS VN ! ! VN 0 uolledo||e uelpuj-uou/uelpu| Ayeas |
199w 01 padeuew A|DAI109449 1S9AIRY S| (€
Asaysiy Aq 1sanuey (219 OdIN ‘NST) 214199ds-3201S (D ésaljiqisuodsau 1S9AJeH
Juawadeuew J3Y10 pue syuawalinbal
UN | ss | wN | ss PR uN | vN | sm 0 s
uolnedo||e uelpuj-uou/ueipu| Ayeas|
199w 03 padeuew A|9AI1109)43 IsanIey S| (€
UOI32NJISUOIAJ UNJ UOSES 1S0d (4 ésanligisuodsal 1S9AJeH
Judwadeuew Jaylo pue syuswalinbal
VN | SS | VN [ SM |FEF VN | VN | SS 0
uolledo||e uelpuj-uou/uelpu| Ayeas |
199w 0} padeuew A|9A1109)43 IsaAIey S| (€
%S %V oJO oes S & oo.V > a|qedl ahMmMMM .H_z“V Jojedipu uonsany juswadseue Aio8a3e3
R :
& S 53 % S N .%0 vy €319 m.._:o weus _Eo—“‘_ v.“” 1ealpul " ! W' uswaseuen

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d
Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
“3'9) Arepuodas Suousis=sS ‘Asewiud=d) Joledipu| 03 souelodw| pue adA] Sej




Xs|x‘wnJo4 3ui33e] ysi4 - 199yspeasds sisAjeuy Joiedipu| 43y 9 Juswydeny

Aejag a3essed weq (v éS1934e] pue spiepuels 04pAH
9duewuoyiad ay3 Suizeaw 01 3INqIIIU0D
VN [ VN | ¥N VN | VN . . SM 0 1eY1 syjnpe Joj 93essed 9AI13109443 pue 3jes
Suipinoad suonpuod agessed oupAy a4y (g
Aejaq Aeqgaiod (3 ¢Sp4020y pue dO!d SdHd4 ‘ddH 0JpAH
VN VN VN VN | vN ! ! SM 0 9Y3 10} S1934e) pue spiepuels sasuewJo}4ad
93essed oJpAy 3 npe pue ajludAn(
Sunnesw peay|a931s pue uowjes aJy (T
(Aouaidiyya dduepIng ysiy pue Aduaidiya ¢SpJ020Y pue dO!d Sd¥D4 ‘ddH 0JpAH
VN VN YN YN | vN ! y y 0 a3essed ||1ds y1oq awnsse) Aouaidiy43 aduepin ysi4 (g| oY1 Joj s19dJel pue spiepuels aduewsoliad
93essed oJpAy 3 npe pue ajiudAn(
Sunessw peay|a33s pue uowjes aiy (T
(ys1y 3[1uBAN() |eAIAINS (JIOAJISSAU pue we(q) 193(0id (D ¢SPJ022Y pue dO!g Sd¥J4 ‘dOH 0JpAH
N | N | YN N | N ! ] ; 0 9y} 40} S198.e) pue spiepuels aduew.oliad
93essed oJpAy 3npe pue 3j1uaAn(
Sunesw peay|a33s pue uow|es aJy (T
synpe |eAIAING Wa)sAsoIpAH (g ¢SPJ022y pue dO!g Sd¥D4 ‘ddH 0JpAH
N | wn | v ’ ds ds ; 0 9y} Jo} s193.e) pue spiepue)s aduew.oyiad
98essed oJpAy 3 npe pue ajiusAn(
Sunsaw peay|a91s pue uowes aly (T
3[1uaAn[ [eAIAINS WR1SASOIPAH (v ¢SPJ022Y pue dO!g Sd¥D4 ‘dOH 0JpAH
9y} J0} $393.e) pue spiepue)s sduew.oyiad
VN | VN | VN 1 VN | dS dS d 0 a8essed oJpAy ynpe pue sjiuaAn(
Sunsaw peay|e91s pue uow|es aly (T
(3sensey isadels ay| 29y /snieis
VN dS SS d VN VN d 0 pue ‘AlISJaAIp ‘@ouepunge Uo paseq J0iedipul PaALRP)|  snoleA ySnodyl saied |eAIAINS dJe 1eypn (2 dod
é8uimoud uonejndod ay1 s| :uoumeds 01 1NJI3Y (Y
dnou3qgns Aq Y19z ‘AON pappe) yows 01 Jied (8 éso8e1s oy 29Y/sniei1s
VN VN VN VN VN 3 3 . 0 ! v | snolieA y3noayl sa1ed |eAlIAINS aJe 1eyM (¢ / dod
"}jnpe Aq paJajunodua wep 1se| 01 3|1uaAn( Aq isadels ay| J9Y/sniels
VN | VN SM VN VN 0 p34931Uun0dud wep 1ST ‘NOg 03 3|1udAN[ Agq paJaiunodua|  snoleA y3noJays saied [eAIAINS 3Je Jeypn (2 dod
wep IsT ‘NOg9-NO4 ‘NOg-q13 ‘qui-qu3 :3ulpnjoul
. _ o_r éso3els oyl J9Yy/snie1s
VN VN VN VN VN L 4 q T Asenisa wouy - (uonesdiw Sutumeds 3 npe 3u3dd)|0d J0j[  snoleA y3nouayy saled |BAIAINS dJe 1y (2 dod
9|qisuodsas Ya YOASN) uonesdiw Suiumeds 3 npy (o
H Alunlew 03 |eAIAINS UBDO0 JedA 1S4l (p isadels ay| 29y /snieis
snolieA y3noayl sa3ed |eAIAINS 3Je 1eyM (¢ dod
uol}Ipuod isadels ay| 29Y/snieis
T uead0 JA 15414 J0}jUOW 03 JudwalinbaJ 10aJ1p B[  snolea y8noayj saied |BAIAINS BJe 1eYM (T dod
9ABY 10U S0P dOIg Sd¥D4) [eAIAINS ueado JedA 1si14 (2
Asenisa 03 g3 4o} 9|qisuodsau Aj30341p SI SdHD4 isadels ay| 29y /snieis
0 - (®s]e Suiylswos Jo ‘NOg 01 qIi1 ‘10adse waisulew JI|  snoleA Yy3nodyl saied [eAIAINS aJe 1eyp\ (g dod
Ajue|d uapisuod) Asenyss 01 Aseinqui] yows/ued/Al4 (q
(S9A=0 ‘ON=T) AsoSa1e9
éd|qedidde ASojouyda Joyeaipul uolIsanY jusawasdeuep JuswaSeuepy

9Uo0 ueyj aJ1ouw sj

Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
3'9) Arepuodas 3uousis=sS ‘Asewud=4) Joiedipu| 01 duenodw| pue adA] Sej

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d




XS|X'wnJo4 3ui38e] ysi4 - 19ayspeauds sisAjeuy J01eaipu| 43y 9 Juswydeny

9Uo0 ueyj aJ1ouw sj

Aejag a3essed weq 3|IusaAnr (4 $S1984e] pUE Spiepuels 04pAH
9duewJoyad syl Suizesaw 03 NQgIIU0I
0 1ey3 so|IuaAn( 4o} a3essed aAI11094)9 pue 3jes
3uipinoid suonipuod agessed odpAy auy (€
awl] [9Aed] (3 $S198.e) pue spiepuels 0JpAH
9douewJloyiad ay3 3uizLsw 0} 9INglIIU0d
0 1ey3 so|IuaANn( 4o} a3essed 9AI1094)9 pue 3jes
Suipinoad suonpuod agessed oupAy a4y (€
|[eAIAINS yoeay (a éS1934e] pue spiepuels 04pAH
ouewJloyiad ay3 3uizLsw 0} 9INQglIIU0d
0 1ey3 so|IuaANn( 4o} 93essed 9AI1094)9 pue jes
Suipinoad suonipuod agdessed odpAy au
(ssedAq ‘|ids ‘@uigany ““8's - se1noJs adessed - ‘ éS1934e) _ocmmhmv_._qmm 04pAH
wep |enpiAlpul ysnouays) |eAIAING 214109dS-91n0Y (D 2douewJoyiad ay3 3ujzPsw 0} 9INqglIIU0d
1ey3 S9|IuaAN( o4 93essed dAI13094)9 pue djes
0 Suipinoad suonpuod agessed oupAy auy (€
dWI] |[9ABJ] pue JoIARYDg ‘|BAIAING $S198.e3 pue spJepuels 0JpAH
(4oA1y e1qwinjo) Jamo) Adenis3 ysnouys ajjiansuuog (g JuewJo4ad syl Suiresw 03 INQgIIU0I
0 1ey3 so|IuaANn( 4o} a3essed aA112949 pue 3jes
3uipinoid suonpuod agessed odpAy auy (€
S9|qelJeA uol}Ipuod 3say} aJnseaw pue éS198.e) pue spJiepuels 0JpAH
Aio3siy uoneaSiw pueisiapun 03 ysiy pasd3el 11d pasn ouewJloyiad ay3 uizLsw 01 9INglIU0d
aAey 1ng ‘3uid8e] yum pajerdosse 10U - (sa119849ua01q| 1eyl sajiusaAn( o) a3essed aA11094)9 pue 3jes
| pue 91eJ4 yimoJs ‘yijeay) uonipuo) ysi4 (v| Suipinoad suoiipuod agessed odpAy auy (€
(jeninans a3essed pue 303(oud éS1984e] pUE Spiepuels 04pAH
0 ‘ysi} payodsueuy SA JOALIUL :DJ SBIPNIS 03 J14109ds duewJoyad syl Suizesw 03 9INQgIIU0I
Jl19W uosliedwod aAlle[ad e :(JuswsaJinseaw Jo syulod 1ey3 s3npe 4o} 93essed 9A1109)49 pue djes
palieA pue m_a_.::AEv s9ley uJniay Hm_s_o.q-ou,-p_o_tm (3] Suipinoud suonipuod wmm%u.ma 0JpAy auy (¢ ,
11d = NOg 1e 4se ujwil-unJ ‘oipeu $S198.e) pue spJepuels 0JpAH
‘11d=uonesdiw wep usamiaq)3uiwiy uonetSiN (a douewJoyiad ay3 3uiLsw 0} 93NglIIU0d
0 1ey3 synpe Joj agessed aA1109)49 pue ajes
Suipinoad suonpuod agessed oupAy a4y (g
awl] [dAed] (D éS1984e] pue spiepuels 04pAH
ouewJoyiad ay3 3uiLsw 0} 9INglIIU0d
0 1ey3 synpe J4oj adessed 91309449 pue djes
uipinoad suonipuod agdessed odpAy au
uoIsuaddeal pue ydeq|je4 a3essed weq (g - ‘ éS1934e1 _ocmmhmvumm 04pAH
douewJo4ad ay3 Suizeaw 03 INQgIIU0I
0 1ey3 synpe J4oj adessed 9A1109)49 pue djes
Suipinoad suonpuod agessed oJpAy auy (g
(S9A=0 ‘ON=T) AsoSa1e9
éd|qedijdde ASojouyaal Jojedipuj uonsanY jusawaseuelp JuswaSeuepy

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d
Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
3'9) Arepuodas 3uousis=sS ‘Asewud=4) Joiedipu| 01 duenodw| pue adA] Sej




XS|X'wnJo4 3ui38e] ysi4 - 19ayspeauds sisAjeuy J01eaipu| 43y 9 Juswydeny

9Uo0 ueyj aJ1ouw sj

93essed Asudwe| 3 npy (4 ésAsudwe| pue 04pAH
VN VN VN VN | VN dS | 0 u0a84n3s uo syedwl aonpal 03 suolesado
pue suol}eJnd1juod dAI1I94)0 aJe Jeym (S
(sa1pnas ey Aq passalppe J0u) UaIIS éshaadwe| pue 04pAH
VN VN VN VN VN | ¥N VN VN T ssedAq ysi4 uo sAasdwe) Jo sajes Juawaduidwy (3 uo38.4n3s uo syedwi 3dnpaJ 03 suoljetado
pue suol1eJng1juU0d dAI1I9440 aJe 1y (S
(Aemuysiy/aqni 1jeap ay3 ul 1012919p e pey 41 10919p ésAaidwe| pue 04pAH
01 s3e3 uo A4 y3iw uayl paulelp 10U JI ‘uoa34nis ||  uo33uNn3s uo sypeduw] 3dnpad 01 suollesado
VN VN VN VN VN 4 VN 4 H JO |[eAowaJ4 pue 3ujulesp ul synsaJ Ajjewaou) shemysiy pue suol3eJn31juU0d dAIIID44D aJe Jeym (S
ul pue saqgni }eap ul paddesy uoadinis jo Jaquiny (A
Asudwe| pue uoasdunis 4oy sa1ed Juswulesul (D ésAaidwe| pue 04pAH
VN VN e e VN e 4 0 u0934n3s Uo syedw| aInpaJ 03 suoljetado
pue suol3eJn31juU0d dAIII944D Je Jeym\ (S
Asiadwe) éshaadwe| pue 04pAH
VN VN 4 4 VN dsS 4 SS 0 pue uoa34n3s 40 SUOIDAIP pue siaquinu d3essed (4| uoa3unis uo syoedwi 3dnpaJ 01 suolesado
pue suol1eJng1Ju0d dAI1I9440 aJe 1eyp\ (S
u033.4N3s 404 JUBW1INIILI SUO 33y (V ésAaidwe| pue 04pAH
VN VN VN dsS VN | VN VN dsS T u0934n3s Uo syedw| 3INpaJ 03 suoljetado
pue suol3eJn31ju0d dAIIID44D Je Jeym\ (S
9leJ uollepald (4| ¢odsueuy snsian a3essed JaALI-U] JO HJDUI(Q 0JpAH
0 9AI1E[94 9] 109}4e SuonIpuod 1eym (¢
awi} [9AeJ}| s140dsued) snsiaA 93essed J9ALI-Ul JO 11J2Uq 04pAH
0 pue |[eAIAInS ‘Joiaeyaq aj1uaan( waisAsospAy-1sod (3 9AI1e[34 9] 123}4e Suo1puod 1eym (¢
sa1ey 3ulhels ‘|jeaining Aseanqui] (@l ¢odsuedl snsian agessed JaAL-ul JO 11JDUSQ 04pAH
0 9AI1E[94 9] 109}4e SuOoIIpuod 1eym (¢
suollpuod| ¢1odsueuy snsiaA a3essed JaALI-U] JO HJDUI(Q 04pAH
T [EIUBWIUOUIAUD %3 S10SSaJ3s |edldojoisAyd Surinseay (D 9AI1e[94 9] 123}4e Suolpuod 1eym (¢
"ysl} pajiodsuedy SA J9AL-U] :D4 SBIPN3S 03 14193ds| ¢jodsued) snsiaA adessed JaALI-Ul JO JJaUdq 04pAH
J1419W uosliedwod aAlle|aJ B :(Juawalnseaw Jo syulod 9AI1E[34 3] 123}4e SuUOoI1IpuOod 1eym (¥
T palieA pue 9|diynw) saiey uiniay }Npy-o0l-}ows (g
[EAIAINS B|IUSANS (V| ¢3odsues) snsiaA adessed JaALI-ul JO HJauaq 04pAH
0 9AI1e[34 3y} 13}4e SuOoI}puod JeyM (¥
(uoseass éS1934e) pue spiepuels 04pAH
0 -Ul ‘SWI3 92UIPISAJ ‘BULIDIUIMIDAO0) Sulwi} uoessiN (D 9Juew.Joad syl Suizesaw 031 31NqIIIU0I
1ey3 S9|IuaANn( oy 93essed dAI13094)9 pue djes
3uipinoid suoiyipuod adessed odpAy auy (€
(S9A=0 ‘ON=T) AsoSa1e9
éd|qedidde ASojouyda Joyeaipul uolIsanY jusawasdeuep JuswaSeuepy

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d

Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
3'9) Arepuodas 3uousis=sS ‘Asewud=4) Joiedipu| 01 duenodw| pue adA] Sej




XS|X'wnJo4 3ui38e] ysi4 - 19ayspeauds sisAjeuy J01eaipu| 43y 9 Juswydeny

9Uo0 ueyj aJ1ouw sj

I Ansuap ysi4 (| éSHJouUaq paroadxd jenqeH

9y3 3uiAsiyoe suoiloe jeyqey Asenisj auy (g
3203 éS11}9uUaq pa3dadxa 1enqgeH

0 Aq suonejoosse jeyqgey pue uonnguisip Atenis3 (H| 9yl 3uiasiyoe suoiioe 1eyiqey Auenisy ady (z
(63 WOy JUBIBHIP SIYL SI MOH -- ‘DY) Aduapisay (9 éSHJoUaq paroadXd 1elqgeH

0 9y3 3uiAsiyde suoiloe jeyqey Asenisj auy (g
Suiwin jo susamned (4 éSHjauaq paroadxa 1euqeH

O 9Y3 3ulAs1yde suolzde jeyqgey Adenis3 auay (¢
JUSWAAOW JO susaned (3 éS11}9uUaq pa3dadxd 1enqgeH

0 9y3 uinsiyde suoiloe jenqey Asenisj auy (g
Suiwiy uoneJtsiA (a éS11)9uUaq pajoadxa 1enqgeH

0 9y3 SuiAsiyoe suoiloe jeyqey Asenisj auy (g
S91eJ YIMO0.43 pruow|es 9jIuaAnf (J éSHjouaq paroadxa 1enqeH

0 ay3 uinsiyde suoilde jelqey Asenisj auy (g
Asenisa ayl y3nouyl weq 3||1Asuuog éSHJouUaq paroadxd 1enqeH

0 woJ4 |BAIAINS JOWS peay|aals pue uowles (g| ayi Suiasiyoe suoiloe jeyiqey Asenisj aly (g
xapul Ausianip Asoisiy a1 (v éS11}9uUaq pa3dadxa 1enqgeH

O 9Y3 3ulAs1yde suoljde jeyqey Adenis3 auy (¢
0 ( ‘smonsasau ‘quiy ut)Aduspisay (M éSHjouaq paroadxa 1enqeH

ay1 Suinsiyde suoilde jelqey Aseinqul aly (T
(synpe/sajiuaan() uiwi jo suianed (r éSHjauaq pajoadxa 1enqgeH

0 9y3 SuiAsiyde suoiloe jeyqey Aseanqul aJy (T
(synpe/sajiuaan() JuswaAow Jo sutaned (| éSHJoUaq paroadxd 1e1geH

0 ay3 Suinsiyde suoiloe jeyqey Aseanqul aJy (T
S91eJ YIMoJ3 pruow|es ajiuaAnf (H éSHjouaq pajoadxa 1enqeH

0 ay1 Suinsiyde suoilde jelqey Aieanqul aJy (T
(3uswanow R sduepunge 3uipn|oul FSTIENELTEILEL T 1enqeH

T g3 UIYyHM 3]eas yoead) uolinguisip sulueay (9|ayl Suiasiyde suoiide jeyiqey Aleinquy aay (T
(se14eanqliy 01 wep 1se| éS11}9uUaq pa3dadxa 1enqgeH

0 WwoJj [BAIAINS “3°1) [BAIAINS 3} NPY WR1SASoupAH-150d (4[9Yl Suiaaiyoe suonlae 1eyiqey Aseinguil a1y (T
jues3iwino - 1no ysi4 (3 éSHjouUaq paroadxd 1enqgeH

0 ay3 Suinsiyde suoiloe jeyqey Aieanqul aJy (T
punoJs Sutumeds /juswadedss - ul ysi4 (q éSHjauaq paroadxa 1enqgeH

O 9y3 SuiAaiyoe suoiloe jeyqey Aseanqul aJy (T
(939 1UnOd ppau éS11}9uUaq pa3dadxa 1eyqgeH

0 ‘uij@y40us uo saljaJ uonngusip suiumeds d1412ads|ayl Sulasiyde suoilde jeyiqey Ateinqul aay (T

‘ojul uoiINQu3sIp ssoJ3) uolnguasip suiumeds (D

(8unessiw-ino) Auaizonpoud éS11}9uUaq pajdadxa 1enqgeH

0 pue suoiloe jeyqey Aseanquil jo diysuonie|ay (g|ayl Suiasiyde suoiide jeyiqey Ateinqui aay (T
(JleAinuns pue soduepunge éS11}9uUaq pa3dadxa 1enqgeH

0 Jied ‘4ON) 1enqey Aseinqgui ut uononpouad sjtuaans ( |y Suiasiyoe suoinoe 1eligey Aseinqui auy (T
(s9A=0 “ON=T) Aio8a3e)

éd|qedidde ASojouyda Joyeaipul uolIsanY jusawasdeuep
juswaseuelp

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d

Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
3'9) Arepuodas 3uousis=sS ‘Asewud=4) Joiedipu| 01 duenodw| pue adA] Sej




Xs|x‘wnJo4 3ui33e] ysi4 - 199yspeasds sisAjeuy Joiedipu| 43y 9 Juswydeny

ysij uidlo |eanjeu 03 padedwod| ¢S9AI303[CO UOIIBAISSUOD 193W 01 padeuew AiaydieH
T ysty uiduo-Asayoley Jo ssa2ons aAidnposday (g| Suleq sweadoud Aisydiey uonediiw auy (g
(SOHd) suonejndod Suiumeds| ¢S9A1199[qO UOIIBAIDSUOD }93W 0} padeuew AsaydieH
0 [eanieu uiyum ysiy Asayoley jo uidiio pue uoiodoldd (V| Sutaq sweadoud Asaydley uonesiiw aiy (¢
S91eJ |BAIAINS JNPE 01 J[IUdANT (D (ruonediw=saaydiey AiaydieH
0 [eql43 papuny-ydg ! 44--"O'Y)
és|eo3 uopnpoJad a14199ds 419yl Sunnssw
sweJ3doud Asaydley uonesiiw aly (T
Juawadedsa/suinial/isaniey 1 npy (g (ruonesdniw=saayoiey AsaydieH
0 |eqli3 papUNy-vdd 4 4a--'D"Y)
és|eod uonpnpoad a14199ds 419yl Sunnssw
sweJsdosd Aiayoley uonediiw aly (T
uonanpoud 3ows/a|IusAns (v (ruonesdniw=saayoiey AisyoleH
I [eqli3 papuny-ydg ! 4a--"O"Y)
és|eo3 uonpnpoJad a14199ds 419yl Sunnssw
sweJsgoud Asaydley uonesiiw aiy (T
O (24n30n43s 93e pue saleJ uolleaniew) uolieanieln (4 éAanodas / smeis uonejndod 1enqgeH
0} 199}49 awn|d/ s,uead0 ay1 st 1eYM\ (€
I Ananonpoud (3 éAianodau / snieis uonejndod 1enqgeH
01 199)49 awn|d/ s,uead0 ay1 st 1eYAA (€
swn|d(1)a
(ysa44-1eS usamiaq uojlisueuy syJew Ajuo yiijolo éAianodau / snieis uonejndod 1enqgeH
pue 3eas ‘awn|d ay3 uiym ysi} 3e3 03 pasu am os 01 199)49 awn|d/ s,uead0 ay1 st 1eYMA (€
JI swn|d/uesdo ul sawi s31 spuads ysiy e Moy mous| 0}
0 1uem am op Jo - sawn|d uiyum Suiddel Suidinbai sawn|d
[auy _

ul Juads awil SululwJialap J0 ‘eds e SJA Jo Jaquinu)
s)npe ujuinias Suowe sa1401SIY 341 ueadQ (1) g

uonepaid (D ¢A1anodal / snieys uonejndod 1elqgeH
01 109449 awin|d/ s,uead0 ay3 sI 1eYM (€

91ed ymmouo (g é¢Aianodaus / smeis uonejndod 1enqgeH

0 01 1094J9 awn|d/ s,uead0 ay3 sl 1I_YAA (€
awi} Jo yidua (v é¢A1anodau / snieys uonejndod 1enqgeH

0 01 199}49 awn|d/ s,uead0 ay1 st 1eYM\ (€
I synpe uiuinlal Suowe sa1401S1Y 34| aulen1sy () éS11J9uUaq pajdadxa lelqeH

9y3 SuiAaiyoe suolloe jenqey Asenisi auy (g

(s?A=0 ‘ON=T)
éd|qedidde ASojouyda Joyeaipul uolIsanY jusawasdeuep
9UO0 uey) aJow s|

A1o8ajen
juswaseuelp

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d
Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
3'9) Arepuodas 3uousis=sS ‘Asewud=4) Joiedipu| 01 duenodw| pue adA] Sej




Xs|x‘wnJo4 3ui33e] ysi4 - 199yspeasds sisAjeuy Joiedipu| 43y 9 Juswydeny

9Uo0 ueyj aJ1ouw sj

ysij uidio |eanjeu o} patedwod ésuonejndod AiaydieH
T ysi4 uidio-Asayoiley Jo ssa20ns aAzdNposday (I pa1st) ulesad Jo ySid uoiduIIXa 3yl Suldnpal
sweJsdoud Aiayojey uolleAtasuod aly (§
(SOHd) suonejndod Suiumeds |eanieu ésuonelndod AiaydieH
0 uIyum ysij Asayoiley jo uidiio pue uoiodoldd (@l Pa3si| Ulead JO YSI UOIIdUIIXS 3yl Suldonpau
sweJs3oud Asaydley uoI3eAIdSUOD 3IY (€
‘'suone|ndod ésuonendod AayoleH
pa1si| Jo AJ9A023J 910W04d pue S924N0SJ J13BU3Z| PIISI| UIBLIDD JO SIJ UOIIDUIIXS 3y} Suldonpau
JO Yyimou3 ay3 03 91nqli3uod eyl sweadouad 3uip|inga. sweJsgoud Asaydley uolleAIasu0d aly (g
0 3203s pue swei3oid 3ulieal aAided uo sainseaw
WJ0434 JUBWdeISa }Npe pue 3203Sp00.4( JO 109443 3y}
SS9SSe 0} pPasn S| JUIBIA "S}NpPe se uiniaJ 0} uolles3iw
WeaJ1SuUMop Jo Suluui8ag woudy [BAIAINS - YYS (D
uolnejuswa|ddns ésuonendod AsdydieH
0 woJ4 ysi uidlio |eanjeu(uollewojul Jnpe paau| pPaisl| Uulead Jo JSI UoIIdUIIXa 3yl Suldonpau
os|e  uone|ndod paisi| ay1 Jo) AlAironpoud ajiuaans (g sweJsgoud Asaydley uol3eAIdsu0d Ay (€
ouepunge }npy (v ésuonejndod AiaydieH
0 Pa1SI| UIBIDI JO YSIJ UOIIDUIIXS 3y} SuldNpPaJ
sweJsgoud Asaydley uolleAIasuod aly (g
(S9A=0 ‘ON=T) AsoSa1e9
éd|qedijdde ASojouyaal Jojedipuj uonsanY jusawaseuelp JuswaSeuepy

(e1qeaijdde 1ou=yN ‘asn pazijedads=dS ‘21nin} =4 (|ea134d
Ajpuaaund jou “3-9) Alepuodass yeam=sM\ ‘(Arewrd Suidisws Jo/pue |ed13ud Ajusiind
3'9) Arepuodas 3uousis=sS ‘Asewud=4) Joiedipu| 01 duenodw| pue adA] Sej




	C08a_FTF staff summary of Forum recs 
	C08b_FTF Decision memo Committee 29April2013 Final
	Significance
	Background
	Overview
	Overall there are few gaps and many overlaps in the tagging systems now in place. Overlapping efforts are not necessarily undesirable, as different tag technologies can often reinforce the level of confidence in results and are often used for multiple...
	Figure 1: Number of each tag type, not including adipose
	Columbia River Basin.
	Figure 2. PIT tagged fish release and recovery sites. These PIT tag related sites give a sense of the widespread distribution of all tagging activities in the Columbia River basin (Source: PTAGIS).
	The Fish Tagging Forum
	Nineteen key Management Questions and one hundred seventeen Indicators related to fish, mostly anadromous salmon and steelhead and supported by information gathered through fish tagging in the Columbia Basin were a principal element of the Forum’s ass...

	C08c_Attachment 2c_FTF Spider Chart v1
	C08d_Analysis Spreadsheet - Fish Tagging Forum
	Comprehensive Indicators


