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I, Maria Rea, declare as follows:

1. I am the Assistant Regional Administrator, California Central Valley Area Office
of the National Oceanic and Atmospheric Administration’s (NOAA) National Marine Fisheries
Service (NMFS), West Coast Region. | previously submitted a declaration dated March 14,
2013 (Salmon Doc. 731-3) for the Supplement Brief in Support of the Joint Motion to Extend the
Remand Schedule (Salmon Doc. 731). That declaration followed on the December 7, 2012
declaration of Rodney R. Mclnnis (Salmon Doc. No. 713-5) in support of Federal Defendants’
and the Department of Water Resources’ (DWR) joint motion for a continuance of the deadlines
in the remand schedule. In my March 14, 2013 declaration, | provided additional details
explaining: how circumstances had changed in significant, unforeseen ways since the judgments
in the Consolidated Salmonid Cases and Delta Smelt Cases were entered; how the changed
circumstances made compliance with the remand schedule contrary to the public interest; and

how the requested continuance was tailored to the changed circumstances. Salmon Doc. 731-3.

2. I have reviewed the Court’s April 9, 2013 Memorandum Decision and Order
Regarding Motion to Extend Remand Schedule (Order) and I submit this declaration to address
the Court’s questions raised in that Order (Smelt Doc. 1106; Salmon Doc. 739). Specifically, my
declaration will explain: the progress made in connection with the Collaborative Science and
Adaptive Management Program (CSAMP); details about CSAMP’s future activities; and how
any results from this collaborative effort will be incorporated into the consultation process. This
information provides support for the Movants’ request for another yearlong extension of the
remand schedules in the Consolidated Salmonid Cases and Delta Smelt Cases. Additionally, this
declaration provides additional information on 2014 operations and the California drought state
of emergency. While not directly related to the request for an additional extension (other than
perhaps delaying studies that rely on the release of Delta water), NMFS wanted to take this

opportunity to inform the Court about several pertinent decisions.

I

I
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Progress Made in Connection with the CSAMP

3. As | explained in my March 2013 declaration, the CSAMP process calls for the
establishment of a Collaborative Adaptive Management Team (CAMT). Salmon Doc. 731-3
11. That has occurred. Following the issuance of the Court Order, a two-tiered organizational
structure was established to implement the CSAMP program: (1) a Collaborative Science Policy
Group (“Policy Group”) made up of agency directors and top-level executives from the entities
involved in the litigation; and (2) the CAMT, a working group comprised of designated
managers and scientists functioning under the direction of the Policy Group. A true and correct
copy of the Progress Report to the Collaborative Science Policy Group from the CAMT
(Progress Report) is attached hereto as Exhibit A.

4, I also explained in my March 2013 declaration that CAMT will likely utilize an
adaptive management approach akin to the nine-step approach described in the draft Delta Plan
developed by the Delta Stewardship Council. Salmon Doc. 731-3 1 11. As detailed in Section 2
of the attached Progress Report, the CAMT science process will be “broadly consistent with the
adaptive management process described in the DOI [Department of Interior] Adaptive

Management Technical Guide and the Delta Science Plan.” Progress Report at 5.

5. As the Progress Report explains, the first steps in that process consist of
developing conceptual models, identifying uncertainties and disagreements, formulating
hypotheses or questions that address the uncertainties and disagreements, testing those
hypotheses or answering those questions using appropriate scientific techniques, and evaluating
alternative actions to achieve the goals and meet the objectives, thereby dealing with the
problems. Progress Report at 5. Following group discussions, CAMT agreed to focus on three

priority areas in 2013:

e Old and Middle River (OMR) Flow Management and Entrainment

e Fall Outflow Management for Delta Smelt

e South Delta Salmonid Survival

Declaration of Maria Rea 3
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As | explained in my March 2013 declaration, it was also anticipated that the CAMT would
provide a role in synthesizing and overseeing ongoing Delta science efforts. Salmon Doc. 731-3
f112. This anticipated role for CAMT has also occurred, though synthesis of information is still
ongoing. Over the past approximately ten months, CAMT oversaw the initiation and staffing of
technical subgroups for the first two topic areas. And, rather than convene a third subgroup to
address issues related to south delta salmonid survival, CAMT agreed to defer technical work on
those issues to the existing South Delta Salmonid Research Collaborative (SDSRC), which was
established jointly by NMFS and DWR, with input and participation from the U.S. Bureau of
Reclamation, U.S. Fish and Wildlife Service, California Department of Fish and Wildlife, the
Delta Stewardship Council, and Plaintiffs State Water Contractors and Westlands Water District,
as an outgrowth of the 2012 Joint Stipulation for Central Valley Project (CVP)/State Water
Project (SWP) operations (Salmon Doc. 660). The Progress Report (Exhibit A) provides a full
discussion of CAMT/CSAMP progress on the three topic areas identified above. The first two
topics have been evaluated in the context of delta smelt; below I highlight our progress on the

third topic of salmonid survival in the south Delta.

6. As it specifically relates to salmonid issues, the ESA-listed species over which
NMFS has jurisdiction, the primary CSAMP highlight from 2013 is the work done by the
SDSRC collaboration. The SDSRC (or its technical working group, the SDSRC Science
Working Group, or SSWG) has been meeting since late January 2013 to explore research
opportunities that would reduce the scientific uncertainties about the effects of San Joaquin River
inflow and SWP and CVP water exports on south Delta hydrodynamics, and the effects of
hydrodynamics on factors affecting migration behavior and survival of juvenile salmonids.
Since the January 29, 2013 kickoff meeting, the full SDSRC has convened on four additional
occasions: February 27, May 6, June 7 (call), and July 15. These sessions were generally
designed as briefings by the SSWG to promote understanding of progress, challenges, next steps,
and necessary decisions by managers. The SSWG has convened either in person or by
conference call 11 times: February 22, March 25, April 8, April 22, May 30, July 15, August 20,
September 3, September 25 and 26, and October 25. Representatives of the SSWG separately

Declaration of Maria Rea 4
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briefed a core group of agency managers on two occasions during this period, and work group

representatives also briefed the CAMT on two occasions.

7. This yearlong collaboration among technical representatives, including
representatives from parties to the litigation, has resulted in the development of a series of

technical products, including:

e A conceptual model of south Delta salmonid migrational survival,

e An analysis of statistical power for a 1-year through-Delta survival study of
steelhead and fall-run Chinook salmon;

e Identification of potential effect size differences that may be important
biologically for the purposes of experimental design development and scientific
inquiry;

e Fourteen hypothesis-based concept proposals for research improving the
understanding of south Delta salmonid survival;

e Guidelines for concept proposal evaluation;

e A review of the ongoing 6-year steelhead study (RPA Action 1V.2.2), to include
identification of inflow-export conditions that have not yet been tested,

e |dentification of opportunities and constraints to enhance learning from the 6-year
steelhead study in 2014; and

e ldentification of a new “Desktop Survival Study” (still in review) for
implementation as early as 2014 that includes additional analysis or meta-analysis
of data from previously conducted studies of the survival and movement of tagged

salmonids.

8. A full description of the SDSRC participants, process, and progress in 2013 is
provided in the SDSRC progress report, which is attached as Exhibit B. NMFS and CAMT
support the continued work of the SDSRC.

I
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CSAMP’s Future Activities

9. Consistent with my previous declaration, the first year granted by the court in our
request for a three-year extension has been used to form the CAMT and develop conceptual
models in order to identify key questions and inform what tasks will be included, and with what
priority, in the workplan for 2014. The second year of the extension, should it be granted, will
allow implementation of the proposed near-term priority work elements identified by CAMT for
implementation in 2014. (See Section 3.0 (CAMT Workplan) of the Progress Report, Exhibit A,
at 10-31). The anticipated third year of the extension request will allow continued development
of syntheses initiated in 2014 and implementation of any new studies/monitoring suggested by

the efforts carried out in 2014.

10. CAMT has decided to continue work on south Delta salmonid issues through the
SDSRC, with the understanding that (a) SDSRC will work within an expanded scope that
includes indirect ecological effects of south Delta water operations, and (b) the SDSRC will
periodically report progress to the CAMT. The Delta Science Program (DSP) will also be
providing assistance towards implementation of the elements of the workplans for each topic
area, including the salmonid workplan. DSP assistance will include: guidance on scientific
methods; identification of technical experts for specific investigations; identification of subject-
related experts to assist with scoping and coordination tasks; and management of the independent
review process for CAMT science proposals, study plans, and results. Progress Report at 11.
Specific to the priority topic area relating to south delta salmonid survival, CAMT’s highest
priority workplan elements for 2014 (See Table 3-3 (CAMT South Delta Salmonid Survival
Workplan) of the Progress Report, Exhibit A, at 24-30) include:

a. Synthesis of literature and data in context of conceptual model: SDSRC will
convene a series of working sessions to: (a) review and potentially refine the
current SDSRC conceptual model; (b) identify, screen and document
published reports and empirical data, as linked to the conceptual model; (c)
identify key information gaps; (d) identify key scientific agreements and
disagreements, (e) review questions submitted by CAMT members in this

context; and (f) develop a collaboratively produced report. [Schedule: Status
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11.

updates April, June, and August of 2014; Draft report September 2014; Final
report November 2014]

Briefing on NMFS-Southwest Fisheries Science Center (SWFSC) Life-Cycle
Model (LCM): NMFS will schedule a briefing for interested and

knowledgeable parties on the status and structure of the NMFS-SWFSC LCM.

[Schedule: Briefing to be scheduled no later than April 2014]

Data synthesis and meta-analysis: Synthesis of data from previous Delta
salmonid tagging studies may be useful in addressing some key
questions/uncertainties about the direct and ecologically indirect effects of
exports on salmonid survival in the Delta. In 2014, SDSRC will establish a
working group to: (1) plan and oversee the strategy for identification and
meta-analysis of existing data; (2) identify initial questions to address and
identify relevant data sets; and (3) conduct preliminary analyses. [Schedule:
Revise written proposal by April 2014; Progress report March 2015; draft
report by November 2015; manuscript completed for publication by June
2016.]

Investigation of alternative metrics for management of south Delta water
operations: SDSRC will convene a working group to (a) synthesize and
evaluate existing data to identify potential alternative metrics for managing
south Delta water operations and (b) evaluate their benefits and limitations.

[Schedule: Status check in June 2014; Progress Report in November 2014]

Re-charter the SDSRC: The SDSRC will be required to periodically report its

progress to the CAMT, but will continue to use the existing facilitator.

In addition to providing the benefits of additional work time for the CAMT

subgroups, an additional one year extension provides returns from efforts concurrent with the
CAMT/CSAMP and CAMT subgroup activities. A second (and potentially third) year of

extension on the remand timeline would allow for more information from these efforts to be

considered in the remand process. For example, year four of RPA Action 1V.2.2, the 6-year
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steelhead study, will be implemented this spring. Because of the time required to process
massive datasets of acoustic telemetry data (the specific challenges and processing time depend
on both the specific tag technology and the degree of automation available for analyzing the
data), results from the first three years of the study are not yet available. Reports from the 2011
and 2012 study years are anticipated from Reclamation by the summer of 2014, with 2013 results

expected by December of 2014.

12, In addition to field studies such as the 6-year acoustic steelhead study and the
2012 Stipulation Study, an important investment is being made in the development of a LCM
that tracks the production, movement, survival, and development of monthly cohorts of winter-
run Chinook salmon. The NMFS Southwest Fisheries Science Center is leading the team
developing this LCM which will be responsive to a variety of water management decisions, such
as reservoir releases, water diversions, pumping schedules, etc., that influence the
hydrodynamics of the Sacramento River and Delta habitats. Initial modeling will use existing
models (CALSIM Il, HEC-RAS and DSM2) to describe the physical environment under various
hydrological and operational scenarios. Later versions of the model will use a modified DWR
Particle Tracking Model (enhanced PTM) that gives fish-like behaviors to the particles, to

predict salmon survival under different conditions in the Delta.

13. Preliminary results from the initial version of the LCM are expected by June
2014; results from the model version linked with the enhanced PTM are expected to be available
by December 2014; scenario analysis using a version of the LCM for spring-run Chinook salmon

is expected to be available by May 2015.

14. In Paragraph 22 of my March 2013 declaration, I noted some key milestones for
each of three phases. Key milestones and updates of progress toward those milestones in Phase
1 (collaborative science development and implementation) are:

a. Completion of new experimental designs by January 1, 2014: The SDSRC
did, by January 2014, produce 14 hypothesis-based concept proposals, and
further developed two of those proposals — one study relating to fish
movement in response to hydrodynamic cues in south delta channels and

Declaration of Maria Rea 8
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another study focused on synthesis and meta-analysis of existing acoustic

telemetry data.

b. Implementation of an experiment by June 30, 2014 during the first year of
extension: The fish movement study mentioned above did not progress to a
final experimental design because of concerns regarding the limitations of
current technology with respect to distinguishing the behavior of tagged study
fish from the behavior of predators that have recently eaten a tagged study
fish. Completion of an analysis plan for the synthesis and meta-analysis of
existing data, which can build on the existing draft proposal for data synthesis,
is one of the three top priorities identified by CAMT for the south Delta

salmonid survival topic area.

c. Based on discussions by CAMT and the workplans developed by CAMT in
coordination with the topic area subgroups, the plan to implement a second
year of the experiment and complete analysis and reporting of the first and
second year results by June 30, 2015 and June 30, 2016, respectively, if a
second one-year extension is granted, has been replaced by the salmonid

workplan described in q11.

15. The key milestone identified in Phase 2 [Reclamation’s New Project Description
and Biological Assessment (BA) and National Environmental Policy Act (NEPA) phase] was
“submission of a final consultation package and BA, including any new project description
and/or RPA actions, to NMFS by December 31, 2015.” Because the court granted a one-year,
rather than three-year, extension, that milestone was necessarily moved to an earlier date.
Currently, NMFS expects to receive a draft consultation package and BA in April, 2014; this

date might be shifted if the Court grants another extension.

16. Finally, the key milestones identified in Phase 3 (NMFS BiOp phase) were:
“issuance of a draft BiOp to Reclamation on October 1, 2017; independent peer review of the
draft BiOp and responding to peer review in a revised BiOp by September 11, 2018; and section
7 review, clearance, and issuance of the final BiOp by February 1, 2019.” This timeline was

modified in response to the Court’s granting of a single extension year; per the Court’s April 9,
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2013 Order, the draft BiOp would be issued by October 1, 2015 and the final BiOp would be
issued by February 1, 2017. NMFS is on target to meet these deadlines if no further extension is

granted.

17.  Without an additional extension, NMFS will not have the resources to participate
in the CAMT under the CSAMP. Additionally, NMFS will be required to redirect resources
currently funding the SDSRC to preparing the biological opinion.

Incorporation of Collaboration Results into the Consultation Process

18.  Asnoted in my March declaration, *...it takes more time initially to
collaboratively define goals and develop models to describe linkages between goals and actions.”
The first year of our requested three-year extension was to develop the CAMT process and some
conceptual models to serve as a framework for decisions about which issues should take priority.
The parties have made worthwhile progress on developing conceptual models and identifying
many key questions; work remains on establishing final priorities and developing detailed
workplans tailored to the proposed near-term priority work elements identified by CAMT. Thus,
at the end of year one, while the CAMT process itself has not yet produced significant final
results that can be incorporated into the consultation process, it has provided the framework for
more substantive progress in future extension year(s). Without an extension, NMFS will need to
begin working on the BiOp immediately; staff limitations mean that further collaboration and

information from the CSAMP process would cease.

19. NMFS will use recent data relevant to evaluating the effects of CVP/SWP project
operations, whatever the remand timeline. With an extension, NMFS expects to have access to
an additional year of information from the 6-year steelhead study as well as the potential to use
information from a variety of studies planned in the delta (see summary of delta-relevant studies
in Table 5-2 (Ongoing or Completed Studies Related to South Delta Salmonid Survival) in the
CAMT Progress report. Exhibit A at 81-83.

20.  We expect a draft LCM for winter-run Chinook salmon by June of 2014, and a
draft LCM for spring-run Chinook salmon by May 2015. While those models will need review,
we may be able to use some of the preliminary results from the winter-run Chinook LCM in our
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analysis for the draft BiOp, currently due on October 1, 2015. An extension to the remand
timeline provides more opportunity to review the model internally and with other agencies and
stakeholders. With time for additional model review and development, we may be able to use
the models for both winter-run and spring-run Chinook with more confidence in our analyses for
the final BiOp, currently due on February 1, 2017. The results from this modeling effort and
other science developed through the collaborative process will inform the ESA consultation
process and improve the short and long-term protection of the listed species. To the extent there
is consensus among some or all stakeholders, the results from this collaborative effort could help

reduce the risk of continued or future litigation.
Additional Information Regarding 2014 Operations and Drought State of Emergency

21.  While not directly related to the request for an additional extension, NMFS did
want to take this opportunity to inform the court about several discussions NMFS is engaged in
with regard to 2014 operations, specifically in the context of the extremely dry conditions we
have experienced since 2013 and the Drought State of Emergency declared by Governor Brown
on January 17, 2014.

22. First, NMFS has been discussing options to use the routing/timing of potential
water transfers as a way to improve in-river conditions for fish or to provide stable, targeted flow
conditions that may enhance the value of experiments planned for spring 2014 (such as the
planned releases of acoustically-tagged steelhead and Chinook in the lower San Joaquin River in
spring 2014). However, the drought conditions may severely limit these types of options in
2014,

23.  Second, NMFS recently coordinated with Reclamation and other agencies on a
drought contingency plan pursuant to RPA Action 1.2.3.C of the NMFS BiOp. Action 1.2.3.C
requires Reclamation to develop and submit to NMFS a drought contingency plan if forecasts
indicate that either the Clear Creek temperature compliance point or end-of-September storage of
at least 1.9 million acre-feet in Shasta Reservoir is not achievable. The January forecast

indicates that end-of-September storage in Shasta Reservoir will be 0.453 million acre-feet.

! http://gov.ca.gov/news.php?id=18379
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Because the drought contingency plan also required coordination with the State Water Resources
Control Board (SWRCB), the drought contingency plan was submitted to the SWRCB as a
Temporary Urgency Change Petition, and also to NMFS. Reclamation’s drought contingency
plan is provided as Exhibit C; the NMFS response is included as Exhibit D. NMFS concluded
that the drought contingency plan submitted by Reclamation, as modified by the more specific
Delta Cross Channel Gate closure criteria included in enclosure 2 of the NMFS response (see
Exhibit D) is consistent with Action 1.2.3.C and meets the specified criteria for a drought
contingency plan. NMFS made this finding based on both the real-time physical and biological
data and monitoring information attached to Reclamation’s letter (Exhibit C), our supplemental
rationale for DCC gate operational triggers (see enclosure 2 of Exhibit D), and the underlying
analysis of the CVP/SWP Opinion which concluded that implementation of the RPA is not likely
to jeopardize the continued existence of Sacramento River winter-run Chinook salmon, Central
Valley spring-run Chinook salmon, California Central Valley steelhead, the Southern Distinct
Population Segment of North American green sturgeon, and the Southern Resident killer whales,
and will not result in the destruction or adverse modification of their designated critical habitats.
Furthermore, the best available scientific and commercial data indicate that implementation of
this plan will not exceed levels of take anticipated for implementation of the RPA specified in
the CVP/SWP Opinion.

24. NMFS anticipates that the DCC gate operational triggers will continue to be
refined throughout the month of February as more real-time data are made available through the
extensive monitoring program. That information will be continuously analyzed for changes in
risk to species and risk to water quality. In addition, the drought contingency plan will be
reviewed and updated based on data gathered through the monitoring efforts to ensure
implementation of the plan continues to meet all ESA requirements.

25. In my declaration of March 2013, | stated that CSAMP could potentially break thej
cycle of litigation, improve scientific understanding over the long term, and provide useful new
information to implement and adaptively manage the RPA actions within the existing BiOps and
inform development of the new BiOps. The CAMT (and larger CSAMP) process has already

facilitated discussions on three highlighted topic areas of disagreement. After reviewing the
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1.0 Introduction

Purpose

This document provides a nine-month progress report on the establishment of a new
Collaborative Science and Adaptive Management Program (CSAMP) being undertaken in the
Sacramento—San Joaquin Delta.

Content

The report documents the organization, activities, and initial outcomes of a series of meetings
and workshops held by the program’s Collaborative Adaptive Management Team (“CAMT”)
operating under the leadership and guidance of the Collaborative Science Policy Group (“Policy
Group”). Further, the report includes initial workplans for three broad topic areas that emerged
as sources of significant disagreement among participants. Lastly, the report includes relevant
background information, a discussion of the framework and process needed to successfully
implement collaborative science and adaptive management, a summary of the current and
future activities planned as part of the CSAMP, and highlights of the collaboration efforts
currently underway.

General Background

The CSAMP was launched following a decision by the United States District Court for the Eastern
District of California on April 9, 2013 entitled “Memorandum Decision and Order regarding
Motion to Extend Remand Schedule” (“Court Order”), issued in response to a motion to extend
the court-ordered remand schedule for completing revisions to salmon (NMFS 2009) and Delta
Smelt (FWS 2008) Biological Opinions (“BiOps”).

The Court Order allowed the parties making the motion (i.e., U.S. Bureau of Reclamation, U.S.
Fish and Wildlife Service, National Marine Fisheries Service, and the California Department of
Water Resources) additional time for the development of a proposed “robust science and
adaptive management program, with collaboration of the scientists and experts from the Public
Water Agencies (‘PWAs’) and the NGO community” intended to “inform the development and
implementation of the BiOps” (Lohoefener 2012 and included in O’Neill 2013).

Organization

Following the issuance of the Court Order, a two-tiered organizational structure was established
to implement CSAMP comprised of: (1) a Policy Group made up of agency directors and top-
level executives from the entities involved in the litigation, and (2) the CAMT including
designated managers and scientists to serve as a working group functioning under the direction
of the Policy Group.
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Mission Statement
The CAMT arrived at the following mission statement at its July 23, 2013 meeting:

The Collaborative Adaptive Management Team (CAMT) will work, with a sense of
urgency, to develop a robust science and adaptive management program that will
inform both the implementation of the current Biological Opinions, including interim*
operations; and the development of revised Biological Opinions.

*The term “interim” refers to the period during which revised Biological Opinions are being developed.

CAMT Behavioral Norms

At its first meeting on June 11, 2013, the CAMT expressed a willingness to work together
according to behavioral norms proposed by Jim Beck, General Manager of the Kern County
Water Agency and a member of the Policy Group. Beck suggested that throughout its
deliberations, CAMT members should strive to be:

¢ Transparent: Significant communication regularly occurring with all participating parties
present.

¢ Accessible: Ability for everyone to be heard and participate in the dialogue.

¢ Solution-Oriented: Looking for how to get things done.

¢ Honest: Direct without being disrespectful.

¢ Timely: Issues raised are addressed in a rapid manner, and schedules are met.

¢ Creative: Willingness to think outside the box.

¢ Open Minded: Willingness to truly consider all points of view—even when “l know | am
right.”

Disagreements and Collaborative Science

At the outset, it should be stated that strong disagreements persist among CAMT members
regarding the state of knowledge in certain areas of importance to water project operations.
Nonetheless, all CAMT members strongly support collaborative science; and in spite of
unresolved differences regarding the premises, formulation, and management implications of
certain workplan elements, CAMT has chosen to be as inclusive as possible in the content of
topic area workplans.

CAMT members agreed that a collaborative approach to science offered a means of improving
decision-making and reducing disagreements resulting from factual uncertainties, provided that
the collaborative approach relies on accepted standards for scientific analysis and review.
Consequently, CSAMP studies will need to be pursued with as much scientific rigor as is possible,
and without bias.

The CAMT hopes that the results will help refine the understanding of biological processes, the
role of water project operations, and other forces in determining biological outcomes. The
CAMT believes the development of reliable information through collaborative, inclusive
scientific studies will help reduce disagreements over time.
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Identification of Priority Topics for 2013

Addressing the need to focus on specific topic areas of urgency and relevance to CAMT
members, a preliminary list of potential topics was developed at the June 25, 2013 CAMT
meeting, together with a list of screening considerations to assist in arriving at a short-list of
priorities. Those considerations identified by CAMT members are included in Table 1-3 below.

It is important to note that this list is a compilation of diverse factors offered by individual CAMT
members during a brainstorming exercise. Consequently, the relative importance of each item
varies considerably among individuals, with some CAMT members assigning no importance to
certain of the considerations listed.

Table 1-1

Considerations for CAMT Near-term Priorities

SCOPE

Are the activities within the Delta?

Does it address the issues defined as part of the remand process?

EFFECTIVENESS

Is there the potential for significant, meaningful results that can inform management actions?

Is there a potential for significant near-term benefits to fish species?

Is there the potential to significantly reduce uncertainty and increase understanding?

EFFICIENCY

Is there a potential for using water supply to provide fish protection more efficiently?

Is this an opportunity to show fish protection and water supply can be managed together?

Can results be achieved in a timely manner?

RESOURCE AVAILABILTY

Does it reinforce and capitalize on successful existing efforts?

Is there capacity (staffing) and capability (funding) available in the time remaining?

TEAM BUILDING

Could is this be an opportunity to demonstrate successful adaptive management?

Is this an opportunity to strengthen the trust and relationships among the participants?

Source: CAMT Meeting #2 Minutes (June 25, 2013)

Following group discussions of both topic areas and relevant screening questions, the CAMT
agreed upon four general topic areas for further development. They included:

¢ Old and Middle River (OMR) Flow Management and Entrainment of Delta Smelt, Longfin
Smelt, and Salmonids,

e Fall Outflow Management for Delta Smelt,

¢ South Delta Salmonid Survival, and the

e Effectiveness of Habitat Restoration.

At a July 25, 2013 progress update meeting of the CAMT Co-Chairs and the Policy Group, several
Policy Group members questioned whether or not the CAMT had the time and resources
needed to complete all four of the topic areas selected. The Co-Chairs agreed to take the issue

-3-
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up with the full CAMT and render a final decision. At its August 27, 2013 meeting the CAMT
agreed to table further investigation of the Effectiveness of Habitat Restoration until March
2014. At that point, the final list of initial topic areas was confirmed (see Table 1-2).

Table 1-2: Final List of CAMT 2013 Priority Topic Areas

Topic Area Regulatory Framework

Fall Outflow Management for Delta Smelt FWS, CDFW
OMR Management and Entrainment of Delta FWS, CDFW
Smelt

South Delta Salmonid Survival NMFS, CDFW

Relationships to other Adaptive Management Programs and Research

Finally, it should be noted that there are several research programs and adaptive management
efforts currently underway outside of the CSAMP. The CSAMP does not replace these efforts or
reduce their importance. Instead, the CSAMP will supplement and inform them.

The CSAMP will provide a new approach to integrating stakeholder points of view into these
processes, or to create new groups if necessary to collaboratively address remand-related
questions. The CAMT’s intent is to ensure that disagreement about the basis for and
effectiveness of the RPAs be addressed by a science-based process that is legitimate, credible,
and relevant to stakeholder concerns.
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2.0 Process Framework

Introduction

In addition to focusing on the development of individual workplans for the priority topic areas
presented in Table 1-2, CAMT members participated in regular discussions regarding the
framework and process for both the design and implementation of recommendations contained
in this report, as well as an ongoing process for collaborative science and adaptive management
during the current revision of the BiOps and over the longer term.

At the foundation of the CAMT process is its mission “to develop a robust science and adaptive
management program” with increased collaboration among state and federal agencies, PWAs,
and NGOs that are parties to the remand process. In the court exhibit entitled, Federal and State
Proposal for Modification to the Remand Schedule and an Alternative Process for Development
of Operational Strategies and a Collaborative Science and Adaptive Management Program,
dated November 29, 2012, the proposed purposes for the CAMT process were presented as
follows:

The adaptive management process will include the active evaluation of current
hypotheses associated with key operating parameters that are associated with the Bay
Delta oriented measures of the BiOps, synthesizing current scientific information,
developing new modeling or predictive tools, and testing and evaluating alternative
operational strategies and other management actions to improve performance from
both biological and water supply perspectives. (DN 1080-1, 2)

More specifically the Court Order, quoting from the declaration of Lohoefner, stated:

With respect to the disputed BiOps, CSAMP's specific goals are to: (a) Identify and
evaluate management actions, including but not limited to actions set forth in the
[BiOps' Reasonable and Prudent Alternatives ("RPAs")], to protect one or more of the
listed species; (b) Develop a monitoring program to allow for the evaluation of costs and
benefits and of alternative management actions; and (c) Support the development and
adoption of an annual operational plan by no later than December 15 of each year.

The CAMT science process will be broadly consistent with the adaptive management process
described in the DOl Adaptive Management Technical Guide and the Delta Science Plan. The
first steps in that process consist of identifying problems, translating those problems into goals
and objectives, and formulating and evaluating alternative actions to achieve the goals and
meet the objectives, thereby dealing with the problems (see Figure 2-1).

These initial, general steps involve development of conceptual models, identifying uncertainties
and disagreements, formulating hypotheses or questions that address the uncertainties and
disagreements, and testing those hypotheses or answering questions using various scientific



Case 1:09-cv-01053-LJO-BAM Document 747-1 Filed 02/18/14 Page 11 of 94

techniques, including collection or generation of new data, and analysis and modeling of existing
data, with appropriate attention to sources and reliability of data.

This progress report represents a preliminary version of these initial steps. Problem statements
have been developed for each topic, as have questions and hypotheses. Preliminary versions of
conceptual models are included in this report. More detailed specification of questions,
hypotheses, and conceptual models, potentially incorporating review by science experts
(including independent scientists), will be an important next step. So will specification of who
will carry out the work, and what approaches and methods are feasible and appropriate.

(Source: Delta Science Plan 12/30/2013, 23)

Figure 2-1: Delta Plan’s Adaptive Management Framework with the role of
science identified in call-out boxes for each step.

In the CAMT process, the results of these initial steps have identified some disagreements and
better defined the uncertainties. As shown in Figure 2-1, a key initial step of the science effort is
the development of CSAMP conceptual models for the priority topics listed in Table 1-2.
Preliminary versions of these models are included in this report. As the CSAMP process
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proceeds, the conceptual models will be continually improved and serve as a useful tool to
clearly identify uncertainties and disagreements, keeping the CSAMP effort focused on feasible
and appropriate means of addressing them.

Where existing adaptive management or other research programs have developed and adopted
conceptual models upon which ongoing studies are based, those models are not expected to be
replaced by the CSAMP conceptual models, although the collaborative process may result in
changes to the existing models as it moves forward.

Discussions regarding the precise point of entry to the adaptive management cycle for each of
the priority topic areas revealed the complexity of intervening during ongoing adaptive
management activities, as well as the differences among the ongoing science programs within
each topic area. CAMT members expressed divergent views about the extent to which the CAMT
should create new groups to address specified tasks versus relying on existing efforts, while not
wanting to impede or duplicate current programs. A challenge for the CAMT moving forward
will be efficient coordination with the existing programs in completing the package of
investigations the CAMT concludes are needed to inform the remand process.

Formulation of CSAMP Problem Statements and Scientific Questions

The CAMT recognized the need to develop its own problem statements (Step 1 in Figure 2-1) for
each of the topic areas and spend time articulating disagreements regarding conceptual models
and hypotheses underlying the associated RPA actions.

To carry out its activities consistent with the adaptive management framework, CAMT members
also saw the need to engage qualified scientists and experts who could contribute to developing
new scientific information for the CSAMP. Recognizing that the CSAMP is an overlay on other
programs, this expertise would be applied to:

¢ Develop problem statements

e Review current conceptual models and science activities

¢ Identify relevant key questions

¢ Articulate alternative conceptual models and hypotheses to facilitate assessment of
disagreements

* Propose data collection and/or analysis capable addressing areas of uncertainty

Schedule and Phasing

As presented in Table 2-1, the CSAMP process can be viewed in four distinct phases: (1) the
initial nine-month period between the issuance of the Court Order and February 15, 2014, when
the parties will submit a joint status report to the Court; (2) the period from February 15, 2014
to the end of court approved extensions; (3) completion of the new BiOps; and (4) the long-term
future following the completion of the revised BiOps. The final schedule will be determined by
court decisions from the district and appellate courts.
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The focus of this section is on the second phase of the process, and it assumes that the CAMT
will continue its efforts.

Table 2-1: CSAMP Phases

. Milestones/Dates
Phase Duration —
Start Finish

1. Initial Extension 9 Months Court Order (4/9/13) Joint Status Report
Submittal (2/15/2014)
2. Subsequent 2 years Court decision(s) on Court order”
Extension(s) further extensions
3. Completion of When extensions end Court order
Revised BiOps
4. Operations Long-Term Acceptance of Revised Ongoing, with
according to BiOps collaborative science
revised BiOps and adaptive
management milestones

1
The current court order requires the USFWS to issue its final biological opinion by December 1, 2014, and NMFS to issue its final
biological opinion by February 1, 2017.

There was broad agreement within the CAMT that a successful long-term program of
collaborative science and adaptive management requires a credible and legitimate framework
and process that ensures broad-based acceptance and support for the science and decisions
resulting from the process.

At the same time, for the CSAMP process to be considered successful in the immediate near
term, the completion and implementation of detailed workplans, building on the progress
achieved during Phase 1, is essential to maintaining trust in the legitimacy of the program for
many CAMT members.

CAMT members agreed that credible workplans required input from qualified scientific
professionals with expertise and experience in the issues being addressed; and that there must
continue to be urgency, perseverance, and resources applied to the completion of the resulting
science activities in keeping with the commitment made by the federal and state agencies to
evaluate and, if appropriate, refine the RPAs.

Integration with other Science Activities

CAMT members are hopeful that that the CSAMP process can complement and add value to
existing science initiatives by strengthening stakeholder engagement and offering a new bridge
between and among stakeholders, scientists, management agencies, and policy-makers.

Completion and Implementation of Topic Area Workplans

Two initial CAMT subgroups prepared draft problem statements and identified key questions
and hypotheses related to: (1) OMR Flow Management and Entrainment of Delta Smelt, Longfin
Smelt, and Salmonids; and (2) Fall Outflow Management for Delta Smelt. CAMT members
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deferred consideration of a third subgroup and built on the final report prepared by the SDSRC.
Some items in the workplans could add to, but will not replace, existing ongoing studies planned
for 2014, such as FLaSH or other IEP studies.

Plans include questions and hypotheses that can be addressed using existing data sets (as
opposed to requiring the collection of new data). The specific tasks may vary depending on the
nature of the specific question(s) being addressed. The process may rely on (1) existing
investigations by others (e.g. Fall Outflow AMP or South Delta Salmonid Research Collaborative);
(2) new work by agency staff, stakeholder staff, and other experts; or (3) a combination of the
two. Such investigations may be incorporated into existing efforts such as the Fall Outflow AMP
or IEP Project Work Teams, or they may be done outside of these efforts.

Expanding the Public Communications and Engagement

From the outset, the Policy Group and CAMT members recognized that for the CSAMP to have
lasting value beyond the court-ordered remand process, it would need to reach out to and
engage wider circles of stakeholders and interests than those organizations that are parties to
the remand. A detailed proposal for communications and outreach will be a critical element of
the Phase 2 process.
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3.0 CAMT Workplan

Tables 3.1 through 3.3 outline proposed near-term priority work elements for each of the three
high priority topic areas identified by CAMT (see Table 1.2). The tables below focus primarily on
work to be conducted in 2014, recognizing that some work elements will require more than one
year to complete and thus will extend into 2015. The process for identifying priorities, managing
investigations, and facilitating credible science in further developing and executing the work
plans is described below.

Identifying Priorities

CAMT members and their designees determined priority work elements based on a review of
the key questions and other materials prepared by technical subgroups (see Section 4). Criteria
for determining priority work elements included their timeliness (i.e. they could be completed
within the next two years), relevance to interim operations and the Biological Opinions (i.e.
results would inform the development of revised biological opinions), and potential to directly
address specific disagreements between CAMT participants regarding the design or
interpretation of existing analyses.

Scoping, Conducting and Reviewing Science Investigations

CAMT members view a clear, transparent process for scoping, conducting and reviewing new
science investigations as critical to ensuring the relevance and legitimacy of the collaborative
science and adaptive management process and outcomes. CAMT proposes to organize its work
according to the following three functions:

1. Scoping — This function will be conducted by new CAMT designated Scoping Teams with
guidance from the Delta Science Program to ensure consistency with the Delta Science
Plan. The purpose of these teams would be to scope workplan investigations, interact
with others doing related work, develop workplans for conducting investigations, report
progress back to the full CAMT, and assist the CAMT in revising work plans as needed.
“Scoping” means establishing the relevance and legitimacy of work plan elements and
putting boundaries on the breadth of what would be investigated as part of the CAMT
work plan so as to assure relevance to the Biological Opinions and the CAMT mission; it
does not mean prescribing exactly how and by whom studies will be conducted. Scoping
Teams may also assist with guiding, coordinating, and tracking implementation of work
elements, as requested by CAMT.

2. Conducting Investigations — Actual science investigations would be performed by
qualified technical experts, identified and recommended by the DSP, with input from
the Scoping Teams, and approved by CAMT. Investigations may be performed by
individuals or teams of individuals. CAMT would rely on existing groups and programs
when appropriate, and would engage new groups as needed.

3. Reviews — Structured reviews would be organized and managed by the Delta Science
Program for both study plans and work products resulting from investigations.

-10-
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The following provides additional details on the formation and responsibilities of the Scoping
Teams:
¢ Scoping teams will be comprised of CAMT members or their designees, a representative
from the Delta Science Program; a facilitator; and additional people nominated by CAMT
co-chairs, and approved by CAMT, who provide additional skills, subject area knowledge
and experience. The CAMT co-chairs will designate scoping team chairs with the
approval of the full CAMT.
e Scoping teams will refine the key questions and hypotheses and identify more detailed
workplans, for each workplan element, in conjunction with the technical experts.
¢ Scoping teams will submit workplans (including budgets and schedules) and reports to
CAMT for approval.
e The Delta Science Program shall oversee independent review of workplans and any
reports produced as a result of the investigations.
e Scoping teams will report directly to CAMT.

Delta Science Program Assistance
The CAMT proposes to draw upon the resources of the Delta Science Program (DSP) and
mechanisms outlined in the Delta Science Plan to facilitate implementation of the work plans.
The CAMT views this as critical to ensuring the credibility and integrity of the scientific process
and the outcomes. CAMT proposes that under the direction of the Delta Lead Scientist, the DSP
would:
¢ Provide guidance on scientific methods and best practices to be used in developing,
refining and implementing workplans and ensure consistency with the Delta Science
Plan.
¢ Help identify technical experts that would design and carry out the scientific
investigations called for in the CAMT work plan and synthesize results. These experts
would be provided the freedom and flexibility to design and conduct specific
investigations within the boundaries of the scope established by the CAMT scoping
teams described above.
¢ Help the CAMT identify any additional subject-related expertise that would assist with
scoping and coordination tasks.
¢ Manage and implement all independent reviews of CAMT science proposals, study
plans, and results. This would occur under the leadership and decision-making authority
of the Delta Lead Scientist. Additional review may come from the Delta Independent
Science Board (DISB), if deemed appropriate by the CAMT.

The DSP would also continue to assist the CAMT in general by identifying specific mechanisms
for facilitating credible science processes as outlined in Sections 4.5 and 4.6 of the DSP plan.

Coordinating with Ongoing Studies

One goal of the CAMT workplan is to leverage existing studies and monitoring to avoid
duplication of effort. Tables provided in Section 5 illustrate IEP studies that may address CAMT
data needs, hypotheses, and questions. Multiple surveys, data sets, and studies will be
necessary to address the questions and hypotheses. The CAMT Scoping Teams would be
responsible for coordinating and integrating CAMT activities with these existing efforts.

-11-
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Principles for Designing and Implementing Science Studies
To assure relevance and credibility, all CAMT studies will be designed and implemented
according to scientific principles in the Delta Science Plan and include
¢ Well-stated goals and objectives
¢ A statement of relevance to the CAMT priority work elements
e Clear conceptual and/or mathematical model(s)
¢ Questions and hypotheses that are clearly linked to the conceptual or mathematical
model(s)
¢ Astudy design capable of addressing the questions with sufficient precision and
accuracy and with standardized, well-documented methods for data collection
e Analytical rigor and sound logic for analysis and interpretation
¢ Clear documentation of methods, results, and conclusions
e Publication of results in peer-reviewed scientific journals or reports

Independent review of proposals, study plans, and results managed and implemented by the
DSP (see above) will assure that all analyses will be carried out with scientifically credible and
rigorous investigative methods and accepted analytical techniques.

Specific analyses and experiments designed to address key questions and hypotheses listed in
Tables 3-1, 3-2, and 3-3 will be developed in Phase 2 of the CAMT process (see Table 2-1).
Because of time constraints, initial efforts will focus on the analysis of existing data sets. These
investigations will not involve experimental designs in the traditional sense of lab or field data
collection, but will be designed and implemented according to the same rigorous scientific
principles.

New field and lab experiments identified following the initial data analyses will include explicit
experimental designs focused on addressing specific hypotheses or predictions. This may include
large-scale adaptive management experiments (i.e. active adaptive management) and
associated field data collections, monitoring and studies associated with non-experimental
(passive) adaptive management, and smaller-scale field and laboratory studies.

To the extent feasible, CAMT will work with existing ongoing science efforts to leverage
opportunities for collection and use of any new data. The CAMT may also review and consider
ongoing data collection and monitoring programs to assess the need for possible refinements
that could improve the applicability of the data for evaluating the key questions and hypotheses
articulated by CAMT

Finally, this workplan reflects a good-faith effort on the part of the CAMT to respond to the
urgency of its mission, recognizing that resources constraints, changing circumstances, or
unexpected events could impact proposed schedules. For example, the timely availability of
third-party investigators has not been confirmed; and uncontrollable circumstances, such as the
drought, may impose new priorities that may impact schedules.

-12-
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Development of Experimental Designs

Specific experiments designed to address key questions and hypotheses listed in Tables 3-1, 3-2,
and 3-3 above will be developed in Phase 2 of the CAMT process (see Table 2-1). Initial efforts
will focus on the analysis of existing data sets. These investigations will not involve experimental
designs in the traditional sense of lab or field data collection, but will include clearly defined
methods and accepted analytical techniques, and will include review and examination of the
existing data sets and how those data were obtained. Any new field experiments identified
following the data analyses will include explicit experimental designs focused on addressing
specific hypotheses or predictions. These designs will be consistent with the scientific process
including the following elements:

e Well-stated objectives

e Aclear conceptual or mathematical model

e A good experimental design with standardized methods for data collection
e Statistical rigor and sound logic for analysis and interpretation

e (Clear documentation of methods, results, and conclusions.

To the extent feasible, CAMT will work with existing ongoing science efforts to leverage
opportunities for collection and use of any new data. The CAMT may also review and consider
ongoing data collection and monitoring programs to assess the need for possible refinements
that could improve the applicability of the data for evaluating the key questions and hypotheses
articulated by CAMT.

The SDSRC has already initiated discussions regarding conceptual designs for the research
proposals it has suggested. This work included a power analysis to assess sample sizes and other
factors that would be necessary to detect statistically significant differences in juvenile survival
under various environmental conditions. The SDSRC has also examined the ongoing 6-year
Steelhead study (now entering its fourth year) to assess possible adjustments in the
experimental design that could enhance the value of the study.

Similarly, the ongoing FLaSH studies being administered by IEP and the Fall Outflow AMP involve

specific experiments designed to assess environmental conditions and ecological responses to
those conditions, including the testing of specific predictions articulated in the AMP.
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4.0 Background on CAMT Priority Topic Areas

The following provides background information on each of the three priority topic areas,
including problem statements, key questions, and relevant conceptual models identified
through the CAMT process to date. Information provided in the tables below represents draft
concepts developed by each respective technical subgroup (Fall Outflow, OMR/Entrainment,
and South Delta Salmonid Survival). The information in the tables below is not a plan of work.
Rather, it is meant to be used as a resource to inform development of the CAMT workplan.

4.1 Fall Outflow

The 2008 Biological Opinion for Delta Smelt contains a Reasonable and Prudent Alternative
(RPA, Action 4) intended to improve fall habitat for Delta Smelt. The action specifically seeks to
maintain the position of X2 in the fall at 74 km east of the Golden Gate Bridge in wet years, and
at 81 km east in above normal years.

Fall Outflow Problem Statement

Questions have been raised by some about the biological effectiveness of the RPA that stem
from disagreements about the scientific basis for the fall outflow action. These disagreements
concern the factors that may limit the extent and quality of habitat for Delta Smelt in the fall,
the extent to which fall habitat is a limiting factor on the survival and reproduction of the
population, the use of X2 as a surrogate indicator for Delta Smelt habitat, and the costs and
benefits of different approaches to restore Delta Smelt habitat. Questions have also been raised
in CAMT discussions regarding the sampling methods used to collect the data that are used to
calculate abundance indices (i.e. do they accurately reflect the size and distribution of the
population). An updated and more complete understanding of the habitat requirements of Delta
Smelt might help clarify under what circumstances project operations may adversely impact
habitat in the fall, and subsequently, what habitat modifications would benefit Delta Smelt
annual year class success. This improved understanding may also allow more effective use of
project water supplies to protect Delta Smelt.

A Fall Outflow Adaptive Management Plan (FOAMP, Reclamation 2011, 2012) was developed to
resolve some of the uncertainties and questions regarding the RPA, but not all CAMT parties
have been engaged to date in the FOAMP. The FOAMP developed a set of conceptual models
and a suite of studies about the importance of “fall low salinity habitat” (FLaSH) for Delta Smelt.
As an ongoing adaptive management project, the FOAMP will be informed by the results of the
FLaSH studies, the CAMT efforts, and other input. Additional information on the FOAMP and
ongoing investigations is provided in Section 5 of this report.

Fall Outflow Key Questions and Hypotheses

Tables 4-1 and 4-2 below list key questions and draft hypotheses developed by a technical
subgroup for use as a resource in framing specific science investigations for the CAMT workplan.
Table 4-1 lists questions related to Delta Smelt habitat and recruitment, while Table 4-2 lists key
guestions related to identifying and managing risks to Delta Smelt. The key questions presented
in Tables 4-1 and 4-2 reflect the recommendations of the technical subgroup and have not been

-32-



Case 1:09-cv-01053-LJO-BAM Document 747-1 Filed 02/18/14 Page 38 of 94

modified by CAMT. CAMT may refine these questions for the purposes of developing its
workplan (see Section 3), and expects that further refinements to the questions and draft
hypotheses will be made in the process of developing detailed study plans for specific work
elements. Ultimately, it is expected that pursuing answers to key questions will lead to the
resolution of disagreements about the relative importance of drivers and mechanisms and result
in more efficient use of resources and greater protection for the species.

Addressing the questions presented in Tables 4-1 and 4-2 will require evaluation of available
data and some combination of ongoing and new studies. Several of the hypotheses presented in
these tables are addressed at least in part in the existing Fall Outflow Adaptive Management
Plan (AMP) and/or in the IEP Management, Analysis, and Synthesis Team (MAST) report.

Table 4-1

Understanding How Habitat Attributes in the Fall Affect Growth and Recruitment

Questions
1. Under what circumstances do the habitat attributes listed in the conceptual model limit
growth and survival of Delta Smelt in the fall?

a. How, and under what circumstances do habitat attributes such as food availability,
toxicity, harmful algal blooms, predation, water temperature, turbidity, and size and
location of the low salinity zone in the fall, collectively or individually, affect growth
and/or survival of Delta Smelt during the fall?

b. What are the mechanistic (ecological) relationships underling each factor? Under what
conditions does each factor act? Do the existing descriptions of interconnections
between environmental drivers acting on Delta Smelt in the available conceptual
models and their expected effects on ecosystem responses within and among seasons
need to be revised?

c. How can existing data sets be further analyzed to better explain how outflow affect
Delta Smelt growth, health, and condition variability during fall, winter and spring?

d. Isthere a need to include additional habitat attributes or environmental drivers from
previous seasons and/or fall in the fall conceptual model? Is the timing and intensity of
hydrology (separate from outflow) ecologically important?

e. Under what set of circumstances do environmental conditions in the fall season
contribute to determining the subsequent abundance of Delta Smelt?

f.  Which habitat attributes limit the abundance or growth of Delta Smelt in the summer
and/or fall? What actions could be implemented to address those limiting attributes?

g. Can a better habitat index be developed?

Draft Hypotheses
(H1): The habitat attributes of: food availability, toxicity, harmful algal blooms, predation, water
temperature, turbidity and size and location of the low salinity zone in the fall, collectively or
individually, have a significant effect on the growth and/or survival of Delta Smelt during the
fall.
(H1a): There is a statistically significant relationship between abundance and two factors,
abundance in the previous fall and previous fall X2.
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(H2): There is a significant correlation between growth during the fall and subsequent
recruitment.

(H3): The variability in growth of Delta Smelt during the fall that is explained by abiotic variables
is less than that explained by biotic variables.

(H4): Survival of Delta Smelt during the fall varies significantly from year to year and is
important in explaining the annual changes in abundance.

(H5): Survival of Delta Smelt through the fall is related to survival in previous or subsequent life
stages.

(H6a): A significant correlation exists between the survival of Delta Smelt from summer to winter
in a year and Delta outflow in the fall.

(H6b): A significant correlation exists between the survival of Delta Smelt from summer to winter
in a year and habitat conditions in the fall.

(H7): Delta outflow in the fall has significant effects on habitat attributes found to be limiting.
(H8): Years with low survival during the fall can be associated with limiting levels of habitat
attributes found to be significant in analyses associated with H1.

(H9): The timing and intensity of hydrology (separate from outflow) during the fall is
ecologically important to Delta Smelt (i.e. affects the survival and/or growth).

(H10): Entrainment risk to adult Delta Smelt during the subsequent winter and spring are lower
when average X2 is below 81km in the fall.

Table 4-2

Identifying Risks and Management Strategies

Questions

1. Under what circumstances (e.g., distribution of the population, prey density,
concentrations of contaminants) do project operations in the fall have significant effects on
survival, population viability, and recovery of Delta Smelt?

2. When circumstances occur in the fall that place Delta Smelt at high risk of mortality, what
actions can be implemented to reduce the impacts of project operations on the fish?

3. How can those actions (under 2. above) be implemented and be consistent with the
objectives of the water projects? How can strategic increases in fall outflow be achieved
with minimal water supply impacts?

4. How much variability in tidal, daily, weekly, and monthly fluctuations in fall X2 is
attributable to water project operations?

Draft Hypotheses

(H11): In the Fall, the extent of the area occupied by Delta Smelt is significantly correlated with
the areal extent of the low-salinity zone (or the position of the X2 isohaline).

(H12): The distribution and extent of habitat for Delta Smelt, as represented by the distribution
and extent of the low-salinity zone (or the position of the X2 isohaline) during the fall has
diminished over the available historic record.

(H13): Changes over time in the distribution and extent of habitat, as represented by the
distribution and extent of the low-salinity zone (or the position of the X2 isohaline) during the
fall is attributable to water export project operations.
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(H14): There is a significant positive correlation between the survival rate of Delta Smelt during
the fall and the percentage of the Delta Smelt population in the confluence, or west of it, during
the fall.

Delta Smelt Conceptual Models

Figures 4-1 and 4-2 below depict recent conceptual models for Delta Smelt proposed by the
Interagency Ecological Program (IEP), Management, Analysis, and Synthesis Team (MAST) draft
July 2013 report. While uncertainty exists regarding some mechanisms and the relative
importance of the various habitat attributes and drivers, these models generally incorporate and
reflect the research that has been done on Delta Smelt to date (see reports describing the POD,
FLaSH, and MAST, and reviews by the NRC and Delta Science Program). Continued work is
needed by universities, agencies, and stakeholders to reduce these uncertainties and improve
our understanding.

-35-



Case 1:09-cv-01053-LJO-BAM Document 747-1 Filed 02/18/14 Page 41 of 94

Figure 4-1 Revised Conceptual Model for Delta Smelt
A revised conceptual model for Delta Smelt (MAST 2013) showing responses (dark blue box) to
habitat attributes (light blue box), which are influenced by environmental drivers (purple box) in
four “life stage seasons” (green box).

Figure 4-2 Conceptual Model for Transition from
Delta Smelt Subadults to Adults - Source: (MAST 2013)
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Fall Habitat and Delta Smelt Distribution

The Fall Outflow Subgroup discussed how Delta Smelt habitat has been defined in the fall and
what relationships exist between fall outflow and Delta Smelt distribution in the fall. The
Subgroup agreed that these relationships should be updated with the most recent data (e.g.,
Cache Slough data, data post 2011), and that new analytical approaches could provide more
information regarding the relative importance of various covariates yet to be considered. The
existing conceptual models suggest the quality of habitat is determined by a complex
combination of factors, and is unlikely to be characterized adequately using only salinity and
turbidity. As an example, the group agreed that food may limit Delta Smelt abundance or
habitat and those biotic factors require further investigation, including understanding the
relationships between biotic and abiotic factors. The group also acknowledged that more work
could be done to explore the relationship between habitat attributes and the distribution of
Delta Smelt.

The Subgroup also recognized that in some years a portion of the Delta Smelt population may
reside in Cache Slough and was interested to see if higher fall outflows might benefit the Delta
Smelt population in the Cache Slough area during wet and above normal water year types, and
how water project operations affect the Delta Smelt population when fall outflow is at lower
levels.

The Subgroup acknowledged that data sets and habitat attributes that have not been previously
considered could be incorporated into the habitat index modeling, but recognized that data
limitations exist for some key variables of interest. Nonetheless, the Subgroup agreed that it
would be worthwhile to explore other long-term data sets and analyses might benefit from
exploratory modeling to determine if relationships could be extrapolated to the full record of
the FMWT data.

Finally, the Subgroup noted that there are inherent shortcomings (including biases) in the
existing monitoring data and that those shortcomings may affect inferences regarding the
distribution, occurrence, and abundance of Delta Smelt. The group agreed that more work is
needed to identify these uncertainties and suggested that some re-analysis of relationships in
the conceptual model is necessary. Specifically, an argument was made that the habitat-index
analysis did not incorporate recently added FMWT data points from Cache Slough and that the
historical FMWT survey does not adequately sample the entire Delta Smelt range. In addition,
concerns were raised regarding the methods used to determine the habitat index, including that
it should be re-calculated with additional variables such as abundance, geography and food.

Delta Smelt Abundance and Stock-recruit Relationships

The Subgroup discussed existing stock-recruit and stage-recruit relationships for all Delta Smelt
life stages and the approaches used to explore how fall habitat variables and especially X2 may
improve the "explained variance” in survival and recruitment from fall to the next year. The
group acknowledged that the stock-recruit (SR) model used in the FWS Biological Opinion should
be updated with the most recent data and that other variables should be tested in the model.
However, as noted above, a challenge is finding suitable long-term data sets for key variables of
interest. Most importantly, the group acknowledged that the mechanisms underlying SR
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relationships should be explored in more detail and noted that the growth rate studies
supported by the FLaSH investigation should be completed. The group also noted that additional
investigations of diet (including prey selection) should be conducted for all life stages of Delta
Smelt in all year types.

The Subgroup acknowledged that there is substantial variability in the relationship between the
FMWT index and the fall habitat index in the same year, but noted that the effects of fall habitat
improvements may not be realized immediately and/or that the antecedent population
abundance and conditions during the preceding summer should be taken into account as well.
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4.2 OMR and Delta Smelt Entrainment

The 2008 Biological Opinion for Delta Smelt contains a Reasonable and Prudent Alternative
(RPA) — that includes three actions intended to protect pre-spawning adult Delta Smelt (Actions
1 and 2) and larval and juvenile smelt (Action 3) from excessive entrainment. Specifically, the
actions set limits on flows in Old and Middle River (OMR) during December-June.

OMR/Entrainment Problem Statement

A 2010 National Research Council (NRC 2010) review concluded: “[T]here is substantial
uncertainty regarding the amount of flow that should trigger a reduction in exports. In other
words, the specific choice of the negative flow threshold for initiating the RPA is less clearly
supported by scientific analyses. The biological benefits and the water requirements of this
action are likely to be sensitive to the precise values of trigger and threshold values. There clearly
is a relationship between negative OMR flows and mortality of smelt at the pumps, but the data
do not permit a confident identification of the threshold values to use in the action, and they do
not permit a confident assessment of the benefits to the population of the action. As a result, the
implementation of this action needs to be accompanied by careful monitoring, adaptive
management, and additional analyses that permit regular review and adjustment of strategies
as knowledge improves.”

Water users and the Department of Water Resources have raised questions regarding the
design and implementation of the RPA and its overall effectiveness in protecting Delta Smelt.
The specific disagreements include: (1) whether and, if so, under what circumstances
entrainment has an effect on the overall viability of the Delta Smelt population; and (2) the
efficacy of managing OMR flows as a means of reducing entrainment (including the
establishment of specific triggers and thresholds). The proposed mechanisms by which
entrainment could affect the population are described in more detail in this report’s conceptual
models (see below), and have been tested to varying degrees by modeling studies such as
Kimmerer (2008; 2011), Miller (2011), Miller et al. (2012), Maunder and Deriso (2011), Rose et
al. (2013 a, b), and BDCP (2013). There is disagreement about the interpretation of the model
results and the degree to which they indicate population effects. These issues reflect a broader
disagreement between water users and other CAMT Entrainment Subgroup members regarding
whether, and if so, to what extent, entrainment affects Delta Smelt population dynamics. There
may be opportunities to better understand and predict the conditions that influence
entrainment levels.

Concerns and disagreements have also been raised regarding the data and methods currently
being used to estimate entrainment and to set take limits. Further, as noted by the NRC (2010)
and Kimmerer (2011), the historical distribution of Delta Smelt has shifted, and the recent
addition of new monitoring stations and techniques has revealed the existence of greater
variation in Delta Smelt life history strategies and geographic distribution than was previously
recognized. Both changing distributions and different life history strategies may affect the
interpretation of current proportional entrainment estimates and their likely response to
hydraulic alterations (Miller 2011).
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OMR/Entrainment Background
The CAMT Entrainment Subgroup organized its efforts to address three primary areas of
disagreement:
1. How to assess distribution, abundance, and entrainment of Delta Smelt.
2. Circumstances when entrainment affects the viability of the Delta Smelt population.
3. The efficacy of current and alternative actions to manage entrainment or mitigate its
effects.

In this document, the term “entrainment” is used to specifically refer to the incidental removal
(mortality) of Delta Smelt in water diverted from the estuary by CVP and SWP export pumping in
the south Delta. It is distinct from “salvage” which refers to fish captured and counted in the
state Skinner Fish Protective Facility (SFPF) and the federal Tracy Fish Collection Facility (TFCF)
before they reach the pumps. The fish collected in these facilities are trucked to release sites in
the western Delta. Salvage does not account for entrainment-related mortality that occurs
before the fish reach the fish facilities (“pre-screen losses”) or during the capture, handling,
trucking and release process (Baxter et al. 2013, Castillo et al. 2012), nor does it account for fish
size or operations-based changes in louver efficiency at the facilities that affect the ability to
detect and separate fish from exported water.

Salvage of Delta Smelt at the fish facility screens has been assumed to be an index of
entrainment of fish more than about 20 mm in length; at smaller sizes, there is less likelihood
that salvage indexes entrainment (Kimmerer 2008, 2011; Miller 2011). The degree to which
salvage parallels entrainment under different environmental conditions and pumping rates has
only begun to be tested for Delta Smelt, but recent evidence suggests that salvage may not be a
reliable measure of the magnitude of Delta Smelt entrainment (Castillo et al. 2012). The results
support the hypothesis that under some conditions, pre-screen losses are high, suggesting that
salvage measurements will sometimes require a relatively high level of expansion to estimate
entrainment. The most recent independent scientific panel review was particularly concerned
that “direct and indirect losses due to entrainment into the pumping facilities and the variance
estimates associated with those losses may be substantially underestimated, and are not well-
connected to population size estimates.” The panel also stated that “(n)ew information about
potential losses associated with entrainment at the pumping facilities (e.g., Castillo et al. 2012)
suggest that the determination of allowable incidental take even from extended salvage
estimates may underestimate actual facility impacts on this species” (Delta Science Program.
2013. Report of the 2013 Independent Review Panel (IRP) on the Long-term Operations
Biological Opinions (LOBO) Annual Review

This document does not specifically address other hypothesized ecological impacts that have
been attributed to water exports from the operation of the Delta water projects such as the loss
of food web production to the pumps. There is substantial disagreement in the group about
whether these “indirect effects” should be part of the current scope. The environmental NGOs
have specifically raised concerns that the CAMT’s consideration of hypotheses and actions
relating to improved management of entrainment’s direct mortality effects must take into

-40-



Case 1:09-cv-01053-LJO-BAM Document 747-1 Filed 02/18/14 Page 46 of 94

account both these indirect effects and the extent to which access to habitat in the south Delta
affects the long-term viability of Delta Smelt.

OMR/Entrainment Key Questions and Hypotheses

Conceptual models described in subsequent sections were used to develop a generalized list of
key questions and potential hypotheses that could be used to frame specific science
investigations. The questions are organized into five broad categories:

1. Measurement of Entrainment, Abundance, and Distribution. This section focuses on the
data that are needed to address subsequent categories. There are separate questions
for Adults, and Larvae/Post-Larvae.

2. Factors Affecting Entrainment. This category deals with the mechanisms described in
the Mechanistic Conceptual Model and in the preceding narrative. The Hypotheses were
generated in part from the Hypothesis-Driven Conceptual Model. There are separate
questions for Adults, and Larvae/Post-Larvae.

3. Population Level Effects. This category deals with the population level effects described
in the Mechanistic Conceptual Model and its preceding narrative.

4, Implications for Management. This category focuses on how addressing the previous
questions could help to guide management. The questions here were generated based
in part on the Entrainment Management Conceptual Model.

5. Models. This category focuses on how new information would be used to refine, update,
or replace existing draft conceptual models. This could also be extended to the further
development and refinement of quantitative models.

Hypotheses have not been included for all categories, partly because not all questions lend
themselves to hypothesis testing (e.g. method development questions), but also because the
subgroup did not have sufficient time. Additional revisions are likely, particularly after input
from a broader audience of experts and the development of specific priorities.

Table 4-3

Questions

1. How many adult Delta Smelt are entrained by the water projects?
a. What is the best feasible method for estimating the number of adults entrained by
the water projects?
b. Whatis the relationship between salvage and entrainment, how variable is the
relationship, and what factors influence that variability?
¢. What methods should be utilized to assess the distribution and abundance of adult
Delta Smelt prior to entrainment?
d. What new tools would provide a better understanding of adult entrainment levels,
abundance, and distribution?
2. How many larval and post-larval Delta Smelt are entrained by the water projects?
a. What is the best feasible method for estimating the number of larvae and post-
larvae entrained by the water projects?
b. What is the relationship between salvage and entrainment, what is the variability in
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Measurement of Entrainment, Abundance, and Distribution

the relationship, and what factors influence that variability?

¢. What methods should be utilized to assess the abundance and distribution of larval
and post-larval Delta Smelt prior to entrainment?

d. What new tools would provide a better understanding of larval and post-larval
entrainment levels, abundance, and distribution?

Table 4-4

Factors Affecting Entrainment

Questions
3. What conditions prior to movement to spawning areas affect adult Delta Smelt
entrainment?

a. Isthere arelationship between Delta Smelt distribution and habitat conditions
(e.g. turbidity, X2, temperature, food) during fall and subsequent distribution
(and associated entrainment risk) in winter?

4. What factors affect adult Delta Smelt entrainment during and after winter movements
to spawning areas?

a. How should winter “first flush” be defined for the purposes of identifying
entrainment risk and managing take of Delta Smelt at the south Delta facilities?

b. What habitat conditions (e.g. first flush, turbidity, water source, food, time of
year) lead to adult Delta Smelt entering and occupying the central and south
Delta?

c.  What conditions (e.g. flow, turbidity, water source, time of year) cause fish to
move towards the export facilities?

d. How should the region where entrainment risks are elevated be defined or
delineated for the purposes of managing take of Delta Smelt at the export
facilities?

e. What new methods or tools can be developed to provide a better
understanding of factors affecting adult entrainment?

5. What factors affect larval and post-larval Delta Smelt entrainment?

a. How does adult spawning distribution affect larval and post-larval entrainment?

b. What conditions (e.g. first flush, spawning distribution, turbidity, water source,
food, time of year) lead to larvae and post-larvae occupying the central and
south Delta?

c.  What conditions (e.g. flow, turbidity, water source, time of year) cause fish to
move towards the export facilities?

d. What new tools or methods can be used to provide a better understanding of
factors affecting larval and post-larval entrainment?

Hypotheses
(H1): Adult Delta Smelt distribution and abundance in winter is influenced by Delta Smelt
distribution and abundance in the fall, as well as habitat conditions (e.g. turbidity, salinity,
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Factors Affecting Entrainment

temperature, food availability), and hydraulics (e.g. velocity, tidal flow splits) during winter.

(H2): The probability of observing adult Delta Smelt in the central and south Delta is
significantly higher following the first major increase in Delta inflow (e.g. >25,000 cfs), which
contributes to rising turbidity levels in the central and south Delta.

(H3): Entrainment levels of adult Delta Smelt are higher when more fish are distributed in the
central and south Delta (a consequence of suitable habitat conditions such as high turbidity,)
and when there are negative OMR flows. Example sub-hypothesis include:

a. Once adult Delta Smelt are observed in the central and south Delta, they will stay there
throughout the spawning period unless water conditions become unfavorable, even if OMR
flows become positive.

b. Once adult Delta Smelt have moved into the south and Central Delta, entrainment levels
of adults will be correlated in a non-linear way with negative OMR flows and fish abundance.

(H4): Larval Delta Smelt distribution and abundance in spring is influenced by adult Delta Smelt
distribution and abundance, habitat conditions (e.g. turbidity, salinity, temperature, food
availability), and hydraulics (e.g. velocity, tidal flow splits).

(H5): Entrainment levels of larval Delta Smelt are higher when more fish are distributed in the
central and south Delta (a consequence of suitable habitat conditions such as high turbidity,
and temperatures <25 C) and when there are negative OMR flows.

Table 4-5

Population Level Effects

Questions

6. What are the effects of entrainment on the population?

a. Whatis the magnitude (e.g. % of population) of adult and larval entrainment
across different years and environmental conditions?

b. How do different levels of entrainment for adults and larvae affect population
dynamics, abundance, and viability?

c. How does entrainment affect life history diversity of adults and larvae over
time?

d. What are “natural” (i.e. background levels) mortality rates in the south Delta
and how do they compare to rates estimated for entrainment?

7. Which new tools (e.g. Population Viability Analysis, 2- or 3-D particle tracking, Individual
based Modeling, life history modeling), etc. provide opportunities to more accurately
and precisely quantify the population level effects of adult and larval entrainment?

a. What are the strengths and weaknesses of the different approaches?

b. How do they complement each other?

c. How can these models be used individually or in combination to establish
seasonal or real-time measurements of population effects?
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Population Level Effects

Hypotheses
(H6): Individual young of the year Delta Smelt found in the south Delta exhibit similar likelihood
of survival compared to young of the year found elsewhere in the estuary.

(H7): Delta Smelt are entrained at Project facilities at levels that are likely to affect the long-
term abundance of the Delta Smelt population.

(H8a): There are circumstances under which the losses of Delta Smelt to entrainment are
sufficient to cause a demonstrable impact on population viability..

(H8b): The losses of Delta Smelt to entrainment are sufficient to affect N(e) and result in
reductions in allelic diversity in the population.

Table 4-6

Implications for Management ‘

Questions
8. What new information would inform future consideration of management actions to
optimize water project operations while ensuring adequate entrainment protection for
Delta Smelt?

a. Can habitat conditions be managed during fall or early winter to prevent or
mitigate significant entrainment events?

b. Should habitat conditions (including OMR) be more aggressively managed in
some circumstances as a preventative measure during the upstream movement
period (e.g. following first flush) to reduce subsequent entrainment?

c. If Delta Smelt move into the region where entrainment risks are elevated, how
can OMR or other habitat conditions be managed to prevent or mitigate
significant entrainment of adults and larvae?

d. If preventive actions are undertaken to reduce entrainment risk, could there be
unintended consequences that adversely affect Delta Smelt population viability
or demographics?

e. How can the operation and design of the export facilities be modified to reduce
entrainment mortality?

f.  Can low risk circumstances be identified that would not result in significant
levels of entrainment but that might allow pumping levels to be increased?

g. Are there other actions, which may or may not involve water project operations
that could be taken to achieve the same purposes of entrainment RPAs or that
could offset or mitigate effects of entrainment? What would these actions be,
under what circumstances would they be effective, and what would the effect
of each action be?

h. What other approaches to data collection and analyses beyond the ones
currently in use, could be used to help manage entrainment levels and
associated population effects?
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Implications for Management

9. How should conceptual models be updated based on study results designed to answer
the preceding questions?

10. How should quantitative models be further developed based on study results designed
to answer the preceding questions?

Delta Smelt Entrainment Conceptual Models

A key first step in adaptive management is to develop one or more conceptual models to guide
the process. Below we describe recent conceptual models that helped frame the development
of the study questions and hypotheses. While uncertainty exists regarding some mechanisms
and the relative importance of the various habitat attributes and drivers, these models generally
incorporate and reflect the existing analyses and spectrum of hypotheses created to date on
Delta Smelt. The models will benefit from, and be improved by, a rigorous and comprehensive
review and further testing. There is still substantial uncertainty about the relative importance of
different habitat attributes and drivers on entrainment, so continued research is needed to
improve our understanding and protection of this species.

As presented in Section 4.1 above, the draft MAST Delta Smelt Conceptual Model (Baxter et al.
2013) is intended to be a generalized overview of factors affecting Delta Smelt at various life
stages. It illustrates the role of entrainment across different life stages, with respect to other
habitat attributes and environmental drivers. To provide further insight into short- and long-
term changes in distribution, entrainment, and related management issues, the CAMT
Entrainment Subgroup has developed complementary models that focus on more specific
aspects of entrainment and provide more details about the interactions of management actions
and drivers. These models, and the associated review of background information presented
below, is expected to be revised as a result of the CAMT science investigations, and should not
be taken as a sign of agreement of all group members to all details of the material presented. At
this stage, the conceptual models are tools to identify uncertainties and disagreements and
formulate questions and hypotheses intended to help address the uncertainties and resolve
disagreements. The models are intended as a starting point that will be refined substantially
based on additional input and studies.

Although it may be simpler to have fewer models for species management, we provide several
formulations because none have been vetted and reviewed by the scientific community; they
were developed by the subgroup for the CAMT. Each of the models helps address a specific
scientific or management issue that may not be easily portrayed in a single overly-complex
model. The specific models and their purposes are as follows:

1. Mechanistic Entrainment Model. This model is designed to illustrate how several different
mechanisms may interact to cause entrainment, and associated effects on the Delta Smelt
populations.
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2. Hypothesis-Driven Entrainment Model. This model incorporates several of the key
mechanisms from the previous model to illustrate how specific hypotheses can be formulated to
test the different alternatives.

3. Management Action Entrainment Model. This model is designed to show how management
actions could be considered to reduce entrainment and associated effects.

Background Information for Entrainment Models

Background information about entrainment is provided below to aid in understanding the
conceptual models. The basic entrainment conceptual models cover two general life stages:
adult and larval Delta Smelt. The seasonal timing of each life stages varies from year to year and
usually overlaps, as depicted in the MAST conceptual model for the life cycle of Delta Smelt
(Baxter et al. 2013): December-May (winter) for adults; and March-June for larvae (and post-
larvae?®). Note that these periods are somewhat different than the specific periods of
management actions described in the Delta Smelt Biological Opinion (USFWS 2008). As
discussed in USFWS (2008), the primary period of concern for entrainment in a given year is
roughly bounded by “first flush” (see below) in winter through March for adults and between
the onset of suitable spawning temperatures and unsuitably warm water temperatures for
larvae and post-larvae in spring or early summer. Entrainment during these periods may have
population effects, with pertinence to relevant management issues.

Delta Smelt are endemic to the San Francisco Estuary; their nearest known relative is the marine
surf smelt (Stanley et al. 1995). There is no evidence that Delta Smelt have differentiated into
persistent sub-populations, and a recent genetic study concluded that the species is a single
population (Fisch et al. 2011). However, this does not mean that all individual Delta Smelt
behave the same way or use habitat the same way. Some Delta Smelt live year-round in fresh
water, and some are found in mesohaline waters; others spend the summer and fall in the low-
salinity zone of the estuary. Currently, all usable summer-fall rearing habitats are at a relatively
safe distance from the South Delta SWP and CVP pumps. The abundance, distribution, and
movement of adult Delta Smelt affect entrainment risk of this life stage (Sweetnam 1999;
Sommer et al. 2011). Entrainment is also an issue for larval Delta Smelt that hatch during the
spring. Dispersal from hatching areas to favorable nursery areas with sufficient food to enable
rapid growth through the vulnerable larval stage is generally considered one of the most
important factors affecting the mortality of fish larvae (Houde 1987). Many factors are thought
to affect larval Delta Smelt entrainment risk including adult spawning site selection,
hydrodynamics, turbidity, temperature, and proximity to the south Delta export pumps
(Kimmerer and Nobriga 2008; Baxter et al. 2013).

Adults

To help provide an understanding of the entrainment process, the following discussion divides
the issue into three basic phases: 1) the antecedent fall period; 2) the spawning movement
period; and 3) the period when entrainment occurs. The first two periods represent the
conditions that determine the winter distribution of adult smelt, a primary factor that influences

? Defined here as fish large enough to be observed in salvage during late spring and early summer
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entrainment risk. In reality, these periods overlap. However, they are described separately to
help provide a conceptual context for how different conditions during each phase may influence
(or help avoid) subsequent entrainment.

Antecedent Fall Period: The distribution of Delta Smelt during fall has been covered in detail by
several studies including Merz et al. (2011), Sommer et al. (2011), and Murphy and Hamilton
(2013). Based on the data available from existing surveys, the distribution covers a broad range
of salinities from about 0 to 10 psu (Sommer et al. 2011; Sommer and Mejia 2013; Murphy and
Hamilton 2013). The FMWT suggests that the apparent distribution is affected by salinity, but
the survey has not fully represented habitat use in areas on the periphery of the species’
geographic range such as Cache Slough Complex or Napa River (Merz et al. 2011; Sommer and
Melia 2013; Murphy and Hamilton 2013). Distribution also likely depends on several other
habitat conditions such as turbidity, temperature, food availability, and predator abundance.

One hypothesis is that distribution and habitat conditions during this period could have an effect
on subsequent entrainment risk. For example, it is possible that a more eastward distribution in
the fall may increase the risk that fish will later disperse into the lower San Joaquin River and
central Delta, where entrainment risk is higher (Grimaldo et al. 2009; BOR 2012). However,

Delta Smelt that remain in more distant regions such as Cache Slough Complex or the Suisun
region will not be entrained.

Spawning Movement Period: Winter is associated with substantial environmental changes that
trigger upstream movements toward freshwater spawning areas in a portion of the Delta Smelt
population (Moyle 2002; Grimaldo et al. 2009; Sommer et al. 2011; Murphy and Hamilton 2013).
There is disagreement over how large a portion moves upstream versus to channel margins or
downstream (Murphy and Hamilton 2013). As noted in recent studies, not all adult Delta Smelt
move at the same time or in the same direction. For example, a portion of the Delta Smelt
population rears in the freshwater Cache Slough region during fall and likely remains there to
spawn (Sommer et al. 2011; Sommer and Mejia 2013). Furthermore, multiple peaks of fish
salvaged at the fish facilities suggest that movements during the spawning season are not
completely synchronous (Grimaldo et al. 2009).

The factors that trigger Delta Smelt movement to spawning areas are not well understood, but
fish may shift their distribution in response to “first flush” (Grimaldo et al. 2009; Sommer et al.
2011). The specific features of a first flush cue for pre-spawning movements of Delta Smelt
require an understanding of key characteristics and thresholds. From a physical perspective, first
flush refers to the first large storm-induced increases in river flows into the Delta — usually
during winter; it is often associated with elevated sediment inputs and sediment-bound
pesticides (Bergamaschi et al. 2001). The environmental factors that may trigger and support
movements during first flush still need to be investigated. Candidate habitat variables that could
be associated with first flush include one or more of the following: increased turbidity,
decreased salinity, decreased temperature, increased food availability. It also appears that time
of year is important because flow increases in late fall (e.g. November) do not result in major
increases in salvage, the primary indicator of entrainment (Grimaldo et al. 2009). Note that the
Report of the 2013 Independent Review Panel (IRP) on the Long-term Operations and Biological
Opinions (LOBO) Annual Review questioned whether first flush was a critical event based on
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their comment that “it seems counter-intuitive that an annual species such as the Delta Smelt
would have evolved to depend for its survival on temporally unreliable environmental cues to
trigger migrations associated with crucial life cycle events such as spawning or selection of
nursery locations.”

As noted above, it appears that not all Delta Smelt respond, or respond immediately, to these
changes — movements do not appear to be entirely synchronous. It is unclear whether there is a
particular cue during first flush events that trigger Delta Smelt movements or whether first flush
events merely increase the area of higher quality habitat for Delta Smelt to spread into (Murphy
and Hamilton 2013). However, the movements of at least a portion of the Delta Smelt
population are consistent with migratory behaviors exhibited by a suite of other native fishes
during the same period (Sommer et al. 2011; 2013).

The major factors affecting subsequent entrainment risk during winter first flush periods are the
direction and magnitude of Delta Smelt movement. Specifically, South Delta entrainment does
not occur unless adult fish swim into the lower San Joaquin River and its central Delta
distributaries during winter. As noted above, a hypothesis is that one or more individual
covariates of increasing winter inflow (turbidity, salinity, temperature, food availability) could
individually, or in combination, affect whether Delta Smelt move into the San Joaquin River
channels. Several of these factors can be affected by water operations or management actions
(e.g. net flow direction and the dispersion of turbidity).

Adult Entrainment Period

As noted in the previous two periods, environmental conditions during winter and fall likely
influence the distribution of adult Delta Smelt. Fish that move into the lower San Joaquin River
system face elevated entrainment risk for themselves and/or their progeny. The risks include a
continued movement towards the south Delta pumps, where the adults are more vulnerable to
entrainment, perhaps adult mortality due to unfavorable habitat conditions in the vicinity of the
pumps, and spawning in areas where their offspring are vulnerable to entrainment. This section
focuses only on adult entrainment. Whether Delta Smelt continue towards the south Delta
pumps depends on a number of factors including hydraulics and habitat conditions.

Hydraulics: One focus of management actions is the area near the pumps where net flows are
often reversed. Inflow, tributary contribution (e.g. San Joaquin River versus Sacramento River),
export and diversion levels, and tidal effects all play a major role in whether and the degree to
which flows in the south Delta are reversed. At present, Old and Middle River (OMR) flows are
used as a key indicator of the flow reversals that are most relevant to the movement of Delta
Smelt towards the south Delta pumps, and therefore the risk of fish entrainment (Kimmerer
2008; Grimaldo et al. 2009). Actions to manage OMR levels include changing reservoir releases,
export rates, and Delta Cross Channel gate operations.

Habitat Conditions: In addition to hydraulics, habitat characteristics including turbidity,
temperature, predation risk, and food availability could affect the movement of fish into the San
Joaquin River and their subsequent risk of entrainment. For example, salvage data suggest that
adult Delta Smelt entrainment is low when south Delta water clarity is high (Grimaldo et al.
2009). A hypothesized mechanism is that Delta Smelt actively avoid moving into the south Delta
and its channel connections to the SWP and CVP facilities unless there is a “bridge” of higher
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turbidities and perhaps other water quality conditions. An alternative hypothesis is that Delta
Smelt do not avoid clearer water; rather, apparent entrainment (salvage) does not occur
because Delta Smelt are eaten by visual predators before they reach the fish screens. Some of
these factors may interact, and could be influenced by management actions such as changing
reservoir releases, export levels, and Clifton Court Forebay or Delta Cross Channel gate
operations.

Larval Entrainment

Even if adult Delta Smelt that move into the central and south Delta are not entrained, their
offspring may be vulnerable to entrainment. The primary period of concern for larval
entrainment in the south Delta lasts through spring until temperatures rise to lethal levels,
presumably resulting in mortality of any remaining individuals (USFWS 2008). There is
uncertainty as to how well current models are able to mimic movement of Delta Smelt;
however, studies using a particle tracking model have suggested that entrainment risk increases
strongly with proximity to the export facilities (Kimmerer and Nobriga 2008). Thus, a hypothesis
is that the adult spawning distribution is of primary importance to the entrainment risk of their
offspring during late winter and spring — particularly if outflow does not increase during the
period that adults spawn and eggs hatch, thereby helping to move the larvae seaward.

In addition, entrainment risk for Delta Smelt larvae may be influenced by river flow direction
and velocity, and by other environmental conditions such as turbidity, temperature, and food.
However, the way these environmental conditions affect larvae is likely different than for adults
because the younger fish are weaker swimmers, are seeking rearing habitat, and initially are not
as strongly associated with turbidity as metamorphosed individuals (e.g. Miller 2011). For
example, if adults encounter unsuitable water quality conditions (e.g. low turbidity) in channels
adjacent to the pumps, they may have some ability to avoid being entrained by moving toward
habitat with better conditons (e.g. higher turbidity). By contrast, unsuitable water quality
conditions may not be enough to redirect larval fish movements, especially closer to the export
facilities where the ebb tide can be absent.

Salvage numbers are currently used to determine incidental take limits and index entrainment
for post-larvae. Fish greater than 20 mm FL are counted at the screens (Grimaldo et al. 2009,
Morinaka 2013), but because salvage data suggest that the fish screens do not effectively catch
fish smaller than 30 mm FL (e.g. Figure 6 in Kimmerer 2008), there is a high degree of
uncertainty about the number of larvae entrained.

Population Effects

Ultimately, a major question for Delta fisheries managers is the effect of entrainment on the
Delta Smelt population. For the purposes of the conceptual models, three types of population
effects are considered: 1) the proportion of the population entrained at each life stage; 2) the
resultant effects on population viability; and 3) demographic effects.

Proportional Entrainment of Delta Smelt: The proportional entrainment of Delta Smelt is a major

management issue for the establishment of take limits in the Delta Smelt Biological Opinion
(FWS 2008). Given the complexity of the issue, proportional entrainment is exceptionally
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difficult to estimate. Below are two example approaches based on: (1) population estimates
and (2) relative measures.

The first approach requires estimates of both entrainment losses and the population size of
Delta Smelt. Unfortunately, the relationship between salvage and entrainment is poorly
understood and likely variable, making it difficult to get accurate estimates of entrainment
(Kimmerer 2011; Miller 2011; Castillo et al. 2012). Second, key information is lacking to develop
reliable population estimates for Delta Smelt (Newman 2008). One approach to deal with these
issues is to model fish survey and salvage data in combination with multiple (and mostly
untested) assumptions (Newman 2008; Kimmerer 2008, 2011; Miller 2011; Mount et al. 2013;
Rose et al. 2013a,b). These efforts have provided estimates of both adult and larval losses for
selected recent years. However, a major challenge is that Delta Smelt catch in fish surveys has
been very low since the onset of the Pelagic Organism Decline in 2002 (Sommer et al. 2007). The
present low detection probability means that uncertainty is high about both entrainment and
relative population levels.

A second approach to estimate entrainment levels does not require actual population estimates.
For example, densities of fish collected at the export facilities can be compared with densities at
multiple locations across the distribution of the species (e.g. Kimmerer 2008; Mount et al. 2013).
This approach has been used in at least a conceptual way to establish take levels (i.e. winter
entrainment) of adults by examining data from the previous season (Fall Midwater Trawl,
FMWT) to index relative population levels (USFWS 2008). The FMWT has been used in this
relative approach because it has a wider range of sampling stations and a longer historical
record than is available in winter (the Spring Kodiak Trawl, and allows the development of take
levels in advance of first flush events that often coincide with increased entrainment.

Effects on Population Viability & Dynamics: Understanding the proportion of fish lost to
entrainment is a key issue in the determination of incidental take levels, but a broader question
is the degree to which entrainment affects Delta Smelt population dynamics and viability. This
insight is needed to better describe when Delta Smelt entrainment levels are at a low or high
risk to the population.

Several modeling studies have examined Delta Smelt population dynamics and included an
entrainment component. As noted in Mount et al. (2013), these efforts, which are based on
numerous assumptions, have relied on estimates of population parameters that have not been
validated, so caution is needed in the interpretation of the results. One example is a transport-
based approach (Mount et al. 2013), which, although moderately uncertain, suggested that
changes in flow and export patterns modeled under some BDCP scenarios would reduce
entrainment and substantially change long-term survival of Delta Smelt. Another example is a
state—space multistage life cycle model to examine the effects of different environmental
variables including entrainment on different life stages (Maunder and Deriso 2011). There is
disagreement in the CAMT Entrainment Subgroup about whether the Maunder and Deriso
(2011) results support the hypothesis that adult entrainment affect population trends. More
recently, Rose et al. (2013a,b) developed an individual based life cycle model that included
estimates of both larval and adult entrainment. They propose that there is a higher degree of
support for entrainment effects, though this claim is based on assumptions about which there is
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disagreement including the assumptions that particle tracking model results are a reliable proxy
for Delta Smelt movement and that Delta Smelt engage in a large-scale eastward migration
annually. In addition, Miller et al. (2012) found evidence of entrainment effects on adult-to-
juvenile survival but not over the fish's life cycle. Others have examined the effects of covariates
on Delta Smelt population trends, but relied on seasonally averaged export levels rather than
specific estimates of entrainment (MacNally et al. 2010; Thomson et al. 2010).

Genetic effects are considered as a key tool to understand the effects of harvest mortality on
populations. Such effects may include loss of genetic variation, and selective genetic changes
(Allendorf et al. 2008). One approach to examine patterns in population viability is to examine
effective population size (N.) based on genetics, as well as overall population size (N) though
this is not the only approach and it may yield results inconsistent with other approaches (e.g.,
measurement of allelic richness). Low N./N ratios can indicate the population has low genetic
variability, potentially resulting in reduced adaptability, persistence, and productivity (Hauser et
al. 2002). Efforts are currently underway to measure both N. and N for Delta Smelt. Population
viability can also be examined using alternative, non-genetic approaches. For example, Bennett
(2005) presented a population viability analysis (PVA) using historical Delta Smelt FMWT indices
to assess the long-term trajectory of the population. To our knowledge, there have been no
attempts to incorporate different stressors such as entrainment into a PVA model.

Demographic Effects: There is an increasing recognition in fisheries biology that there can be
substantial diversity in the life history strategies of individuals and sub-groups of populations
(e.g. Secor 1999). It is hypothesized that these different strategies provide “bet hedging” against
variable environmental conditions. Recent studies on otolith microchemistry (Hobbs et al. 2007;
Hobbs 2010) reveal that Delta Smelt have substantial variability in their use of different salinities
across the estuary. Examples of life history types observed include: freshwater residents;
brackish residents; and fish that move to and from brackish and freshwater. This type of
diversity may not be confined to salinity - other variation such as temporal or geographic could
be considered. Given these issues, it is important to understand whether and how entrainment
affects the range of life history strategies that can be exhibited by Delta Smelt.

Mechanistic Entrainment Model. This model illustrates how several different mechanisms may
interact to cause entrainment, and associated effects on the Delta Smelt population. The
individual models for adults and larvae are provided below in Figures 4-3 and 4-4, respectively.
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Figure 4-3 Mechanistic Entrainment Model for Adult Delta Smelt

Inflow is shown with an asterisk (*) in the “Water Ops” box (lower right) because it is driven by
both operations and external weather conditions.
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Figure 4-4 Mechanistic Entrainment Model for Larval Delta Smelt

Inflow is shown with an asterisk (*) in the “Water Ops” box (lower right) because it is driven by
both operations and external weather conditions.

The background information supporting the adult and larval Mechanistic Entrainment Models
were provided in the previous section. The following is a brief explanation of how different
model components interact for the adult model.

The focus of this model is entrainment, shown as a dark blue row. The model illustrates how
entrainment can have three types of population level effects (green rows in upper part of
figure). These effects can include proportional entrainment, population dynamics, and
demographic effects.

A hypothesis is that the two main factors influencing entrainment (dark blue row) are Winter
Distribution of Delta Smelt, and Hydraulics (light blue row). Of primary interest for Winter
Distribution is the proportion of the Delta Smelt spawning population that is distributed in the
region of the lower San Joaquin River (south Delta), where entrainment risks are elevated.
Hydraulics includes factors such as Old and Middle River flow direction and velocity that may
influence movement of the fish towards the south Delta export facilities.
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Moreover, the model posits that Winter Distribution (left light blue box) can be influenced by
winter Hydraulics (Right light blue box), as well as two additional factors (purple row): Habitat
conditions during winter and Fall Distribution of pre-spawning Delta Smelt. Specifically, the
model predicts that Delta Smelt will not shift their Winter Distribution into the south Delta
unless habitat conditions are suitable. Example Habitat conditions in this model include:
Salinity, Temperature, Turbidity, Food, Predation, and Other Water Quality Variables. Fall
Distribution of pre-spawning fish is included because fish may be at more or less risk depending
on where they are located prior to moving to spawning areas. For example, pre-spawning fish
distributed in the Cache Slough Complex are highly unlikely to be entrained by the South Delta
export facilities. The model also recognizes that Habitat conditions (middle purple box) can
affect the Fall Distribution (left purple box) of pre-spawning Delta Smelt.

Finally, the model proposes that Hydrology (right purple box) affects Habitat Conditions (middle
purple box) and Hydraulics (right light blue box). Note that Hydrology is divided into two general
categories: (1) non-operational (channel geometry and tides); and (2) operational (exports, gate
operations). Inflow is considered a component of both categories. Hence, the latter grouping
helps to illustrate the potential role of operations in the management of entrainment.

The Mechanistic Entrainment Model for larvae (Figure 4) is very similar to what was described
for adults (Figure 3). The only difference in the organization is that the Spring Distribution of
larvae (left light blue box) is determined by Spawner Distribution (lower left purple box in Figure
4) rather than Fall Distribution as described for the adult model (lower left purple box in Figure
3).

Hypothesis-Driven Entrainment Model. This model incorporates several of the key mechanisms
from the previous model and background information to illustrate how specific alternative
hypotheses can be constructed about the movement of Delta Smelt. We propose that the
entrainment of Delta Smelt in the south Delta is a spatially explicit process that depends on the
movement of Delta Smelt as depicted in the following conceptual models for adults (Figure 4-5)
and larvae and post-larvae (Figure 4-6).

Figure 4-5 for adult Delta Smelt illustrates that there are three general possibilities for winter
spawning movements: (1) adults can move seaward; (2) adults can already be rearing in the
Sacramento River system and stay there; or (3) adults can be near (or approaching) the
confluence of the Sacramento and San Joaquin rivers. Only (3) has any meaningful probability of
entrainment in the south Delta (depicted as P(E) > 0).

This conceptual model framework allows multiple alternative hypotheses to be depicted as
quasi-mathematical statements. Each numbered alternative in each box represents a different
draft conceptual model/hypothesis for why Delta Smelt move in a particular direction during the
winter based on habitat conditions and hydraulics (see Figures 4-3 and 4-4 for Mechanistic
Entrainment Model).
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Figure 4-5 Hypothesis-Driven Entrainment Model for Adult Delta Smelt

The larval/post-larval entrainment framework is very similar except that it has some different
elements; for instance, the location that eggs were spawned and hatched into larvae is included
in the hypotheses, and tidal flows are de-emphasized because the larvae (1) rear for extended
periods in freshwater (Dege and Brown 2004), and (2) are not attempting to move to freshwater
spawning areas like the adults. For a small fish in a tidal environment like Delta Smelt,
energetically effective upstream movement requires tidal surfing (use of the flood tide to propel
fish upstream and ebb tide to propel fish downstream, and avoidance of full velocity parts of the
water column to maintain position (Sommer et al. 2011; Feyrer et al. 2013). Very little
directional swimming is required for position maintenance in a strongly tidal environment
(Kimmerer et al. 1998; 2002; Bennett et al. 2002). Particle tracking models have been used to
predict larval Delta Smelt distributions (Kimmerer 2008); however, models that are able to
incorporate tidal surfing and other behaviors may provide more confident predictions.
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Figure 4-6 Hypothesis-Driven Entrainment Model for
Larval and Post-Larval Delta Smelt

Management Action Entrainment Model. The third conceptual model (Figure 4-7) is structured
to show how management actions (salmon-colored boxes) interact with ecosystem drivers (blue
boxes) to produce physical responses in multiple ecosystem attributes (green boxes), which in
turn lead to ecological responses of management concern (orange boxes). The example
provided is for adult Delta Smelt, but a similar model could be developed for larvae. The primary
ecological response of management concern is the proportion of the Delta Smelt population in
the vicinity of the water project pumps in the south Delta. Water project operations in the south
Delta may then potentially influence the movement of fish toward project intake facilities,
leading to entrainment. The model acknowledges environmental cues that trigger movement to
spawning areas in the winter. A working hypothesis is that pre-spawning adults disperse to
suitable spawning habitats in response to individual life history circumstance (the relevance of
their area of origin) and cues (e.g. that might lead them to fresher water), but the biotic and
abiotic conditions, particularly turbidity, must be suitable for the fish to initiate and sustain that
movement. For Delta Smelt located near the river’s confluence, the choice of whether to move
into the San Joaquin River system or remain in the west or northern portion of the estuary may
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be determined in part by flows, tides, and habitat conditions such as water quality. Hence, the
relative conditions in the San Joaquin River versus the Sacramento River may be a key factor
guiding the fish towards one tributary versus another.
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4.3  South Delta Salmonid Survival

The NMFS 2009 Biological Opinion on long-term operations of the CVP and SWP includes two
RPA actions that focus on Delta project operations (and associated hydrodynamic conditions)
and through-Delta outmigration success of salmonids:

Action IV.2.3 — Requires OMR flows to be no more negative than -5,000 cfs; less
negative levels are required when salmonid salvage at the export facilities exceeds
specified triggers

Action IV.2.1 — Requires the projects to operate to a particular San Joaquin inflow to
Delta export (I:E) ratio based on the San Joaquin water year classification.

South Delta Salmonid Survival Problem Statement

There is general agreement that survival of emigrating salmonids from the San Joaquin River
system through the south Delta has declined in recent years and is now very low. There is a
range of views regarding the effects of south Delta hydrodynamics, as affected by San Joaquin
inflow or delta exports, on the survival of salmonids emigrating from the San Joaquin River (and
for that matter from the Sacramento River) through the south Delta.

Whether I.E ratio or OMR flows are appropriate metrics for linking to salmonid survival is
subject to different views. Some feel that both metrics are useful, some feel that one metric
may be more useful than the other, and some question the use of either metric as a factor
influencing salmonid survival.

The understanding of causal mechanisms for the decline in survival could be improved through
targeted studies, additional in-depth analyses of existing data, and development of new
modeling tools. This will require consideration of linkages between various physical and
hydrodynamic factors and biological behavioral cues and responses (including those of both
salmonids and predators). The influence of San Joaquin River inflows and project exports on
these factors is of particular importance to CSAMP due to the scope of the Section 7
consultation. Reducing uncertainties in how management of water operations affect patterns of
survival and mortality of outmigrating salmonids is a key goal of the CSAMP effort.

South Delta Salmonid Research Collaborative (SDSRC)

In an effort to improve understanding and reduce uncertainties concerning the role of water
project operations, NMFS and DWR jointly initiated the South Delta Salmonid Research
Collaborative (SDSRC) in early 2013 (prior to the formation of CSAMP and CAMT) with input and
participation of Reclamation, U.S. Fish and Wildlife Service (USFWS), California Department of
Fish and Wildlife (DFW), State Water Contractors, Westlands Water District, and Delta
Stewardship Council. The SDSRC was convened as an open technical forum bringing together
researchers and managers to focus on improving the understanding of juvenile salmonid
survival in the south Sacramento-San Joaquin Delta.

While the SDSRC was not formed, or directed by CAMT, CAMT has looked to the work of the
SDSRC to inform the development of its workplan (see Section 3). The sections below provide
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highlights from the SDSRC work to date. A more complete description of the SDSRC and its
activities can be found in Attachment A.

Beginning with its initial meeting in January 2013, the SDSRC adopted a stepwise strategy and
aggressive timeline to design, peer review, and implement new research focused on increasing
the understanding of the role of water project operations on juvenile salmonid survival. The
SDSRC developed a series of technical products, including:

* A conceptual model of south Delta salmonid migrational survival (see Figure 4-8);

* An analysis of statistical power for a 1-year through-Delta survival study of steelhead
and fall Chinook (Appendix M in Attachment A);

* |dentification of potential effect size differences that may be important biologically for
the purposes of experimental design development and scientific inquiry;

* Fourteen hypothesis-based concept proposals for research improving the understanding
of south Delta salmonid survival (Appendix G in Attachment A);

® Guidelines for concept proposal evaluation (Appendix H in Attachment A);

* Areview of the ongoing 6-year steelhead survival study (RPA Action IV.2.2), to include
identification of inflow-export conditions that have not yet been tested (Appendix L in
Attachment A);

* |dentification of opportunities and constraints to enhance learning from the 6-year
steelhead study in 2014 (Section 4.4 in Attachment A);

* |dentification of a new “Desktop Survival Study” (still in review) for implementation in as
early as 2014 that includes additional analysis or meta-analysis of data from previously
conducted studies of the survival and movement of tagged salmonids (Appendix J in
Attachment A)

The SDSRC has proven to be a productive forum for exchanging views and exploring different
approaches to new scientific efforts targeting management-relevant questions. In addition to
developing a conceptual model and associated research proposals focusing on key research
pathways, the group has had technical discussions about a wide range of topics, including what
levels of effect are biologically relevant, the statistical power and experimental conditions
needed to detect a particular effect, the potential ambiguities in interpreting results from
acoustic tag data, the kinds of covariates that would ideally be measured during any
experiment, and the various specific hydrodynamic cues that fish may be responding to.

South Delta Salmonid Survival Conceptual Model and SDSRC Study Proposals

Figure 4-8 below shows the current conceptual model being used by the SDSRC as a framework
for development of hypotheses and concept proposals relating to south Delta salmonid smolt
survival. Because this model includes extra-regional drivers affecting mechanistic relationships
in the model, such as tidal forcing, and incorporates endpoints related to the fuller life cycle,
such as juvenile condition and timing of ocean entry, it accommodates a wide range of
hypotheses regarding the major factors influencing South Delta migration survival and
population outcomes. Figure 4-8 also highlights (in white text) how the fourteen research
proposals developed by the SDSRC relate to specific elements of the conceptual model. The
numbers shown below each element refer to specific research proposals, as listed in Table 4-7.
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Figure 4-8 Conceptual Model for South Delta Smolt Survival (reflecting scope of
SDSRC proposed studies)
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5.0 Other Relevant Science Activities

The following sections briefly describe ongoing science activities that are not being directed by
CAMT (most of the activities pre-date the formation of CAMT), but are relevant to the CAMT
priority topic areas and the development of revised Delta Smelt and Salmonid Biological Opinions.
Many of these activities have had little or no involvement by water agency or NGO
representatives; however, the CAMT is exploring opportunities to improve collaboration on some
of these in the future and the agencies are committed to greater stakeholder involvement.

5.1 The Fall Outflow Adaptive Management Plan (FOAMP)

The Biological Opinion required that Reclamation establish and conduct an adaptive management
program to address uncertainties about the efficiency of the Fall X2 Action. The Biological Opinion
requires that the adaptive management plan include “a clearly stated conceptual model,
predictions of outcomes, a study design to determine the results of actions, a formal process for
assessment and action adjustment, and a program of peer review....” (BiOp p. 369.) Reclamation
worked with other federal and state agencies to develop and implement the Fall Outflow Adaptive
Management Plan (FOAMP). The FOAMP is intended to effect adaptive management of the 2008
fall outflow RPA element, as well as inform development of future Biological Opinions.

As part of the FOAMP, a set of conceptual models was developed by an interagency team with the
assistance of a few academic scientists. The team subsequently identified specific studies and and
a written monitoring plan. The plan was informed by advice from a National Research Council
panel that independently evaluated the biological opinions in a report published in 2010
(http://www.nap.edu/catalog.php?record id=12881).

After over a year of development under Reclamation's supervision, the FOAMP investigations
began in August of 2011 in cooperation with the Interagency Ecological Program (IEP), which is a
research consortium of state and federal agencies, including California Department of Fish and
Wildlife, California Department of Water Resources, U.S. Bureau of Reclamation, U.S. Fish and
Wildlife Service, U.S. Geological Survey, and NOAA Fisheries Service. Individual studies were
designed to answer questions about the ecology and dynamics of low-salinity habitat (LSH) in the
San Francisco Estuary (SFE) and, specifically, the role of LSH in the biology and ecology of Delta
Smelt. Because of the broad range of questions being explored by these studies, Reclamation, in
cooperation with the IEP, perceived the need for a broad synthesis of the fall habitat studies,
ongoing IEP monitoring and research, ongoing research funded by other entities, and previous
studies in the San Francisco Estuary. The Fall Low Salinity Habitat, or “FLaSH” Report (Brown et al.
2013), is the first such synthesis, and regular updates are expected in the future as part of the
annual AMP cycle. The FOAMP studies are summarized in the Overview of Study Efforts section
below.

Subsequent to the release of the FlaSH Report, an IEP Modeling and Synthesis Team (MAST)

conducted additional integrative analysis of fall habitat study results and has been preparing its
findings in a document known as the MAST Report. In addition to synthesizing information on the
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effects of flow and other environmental drivers on Delta Smelt, the MAST has taken additional
steps in refining the conceptual models underlying the FOAMP. The MAST conceptual models are
now being used as a point of departure for both the FOAMP and the new CAMT studies.

The FOAMP was designed from the start to be subjected to independent scientific review on an
ongoing basis. A standing independent expert science panel was created by the Delta Science
Program in 2011. The panel reviewed an initial draft FOAMP in 2011, and then reviewed a more
complete FOAMP and initial study results in 2012. Both reviews are available from the Delta
Science Program website (http://deltacouncil.ca.gov/science-program/long-term-operations-
biological-opinions-annual-science-review). The FOAMP expects to conduct another review with
the panel in 2014 or 2015. The timing will depend on progress integrating stakeholder science
priorities into the development process that will result in an updated FOAMP workplan in 2014.

5.2  FLaSH Studies in the IEP Workplan

The FLaSH studies fall broadly into several categories: 1) population estimation and support for
interpretation of ongoing Delta Smelt monitoring programs; 2) environmental and hydrodynamic
covariate sampling and interpretation; 3) nutrient source, fate, dynamics, and role in food web
support; 4) phytoplankton dynamics, zooplankton dynamics, and Delta Smelt prey sampling; 5)
Delta Smelt growth rate estimates and otolith micro chemistry interpretation; 6) histopathological
characterization of Delta fishes and indicators of individual health; 7) smelt culture and genetics
characterization, 8) bivalve biology and behavior, and; 9) contaminants and harmful algal bloom
detection and effects characterization. Table 5-1 below provides a summary listing of the ongoing
FLaSH studies.

5.3  Delta Smelt Lifecycle Modeling Studies (Newman et al., USFWS)

A Delta Smelt life cycle model to be used as a management decision support tool is under
development. The initial modeling objective is to use the model to assess and to predict the
effects on the Delta Smelt population of water manipulations in the central and south Delta during
the winter and spring months. In particular the focus is on the effects of various levels of reverse
Old and Middle River (OMR) flows, which are primarily a function of water inflows, water export
levels, and the tides, on fish survival and reproductive success while accounting for water turbidity
and the spatial distribution of the fish population. Effects of fall outflow strategies will be
examined in future applications of the model and supporting data sets.

The underlying statistical framework is a state space model (SSM). A SSM is a technique for
modeling two parallel time series, one describing the underlying population dynamics (the "state"
process) and another describing the available fish survey and environmental data (the
"observation" model). The current state process formulation has a monthly time step and splits
the Bay-Delta into four regions. The population dynamics include explicit definition of survival,
reproduction, and movement processes. The effects of OMR flows enters into the model via the
adult fish survival probabilities, particularly for fish present in the south and central Delta, and via
hydrological partical tracking model predictions (DSM-2 PTM) of the entrainment of larvae and
post-larvae. The model is being fit to data from several fish monitoring programs (e.g., 20mm,
Summer Townet, Fall Midwater Trawl, Bay Study Midwater Trawl, and Spring Kodiak Trawl
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surveys) and incorporates other bioitic data, e.g., Environmental Monitoring Program's
zooplankton survey, and abiotic data, (e.g., water conditions such as tidal velocity, turbidity, etc.).
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5.4 Trawl Gear Efficiency Evaluation

This study will provide estimates of gear efficiencies for Delta Smelt survey data for calculating
absolute Delta Smelt abundances over particular intervals, and to support models of smelt
population dynamics using integrated data (including gear efficiency estimates) from several of
the existing IEP surveys. The objective is to more completely understand how current and
historical surveys reflect actual Delta Smelt populations, locations, and densities. Current
estimates do not include estimates of error, and therefore are unsatisfactory to assess real
smelt abundance, or to measure smelt response to management inputs. This project is expected
to generate more accurate data in the future that will be used to inform Delta Smelt population
models under construction by members of the IEP and others (see, for example, Newman et al.).
The study is being led by the California Department of Fish and Wildlife.

Below is a brief list of work plan elements included in the evaluation:
0 Understand logistical requirements and develop coordinated IEP scheduling
= Assemble California Department of Fish and Wildlife (DFW) and IEP employees to
discuss and characterize logistical items for coordination and planning purposes,
specifying constraints, safety issues, vessel coordination, gear redundancy needs,
equipment, and deployment choreography and responsibilities.
0 Conduct pilot scheduling and testing
= Execute whatever trial sampling and deployment rehearsals necessary to de-bug
and fail-safe data collection procedures. Establish vessel responsibilities, generate
crew requirements and identify temporary staff hiring needs. Determine crew and
sampling safety requirements.
0 Execute targeted gear deployments and repeated surveys
= Collect controlled and targeted information on the volume sampled at various
depths by various gear types. Determine the depth and lateral distributions of Delta
Smelt by life stage and/or gear type.
O Evaluate gear performance, prepare reports
= Calculate the relative gear efficiencies for different IEP fish surveys, emphasizing
those focused on Delta Smelt (e.g., Spring Kodiak Trawl survey, 20mm survey,
Summer Townet, Fall Midwater Trawl survey), and adding important additional
surveys if possible (e.g., Chipps Island Survey, Bay Study Midwater Trawl). Prepare
analysis and interpretation as reports on gear performance to the IEP and to the
various modeling teams using survey data as input information to understand Delta
Smelt life cycle and population variability over time and space.

5.5 Smelt Survey Review Study

This study is critically evaluating existing sampling programs and interpretation efforts,
describing explicit management-driven information needs and anticipated data gaps, and will
propose updated or alternative protocols to match needs, sampling/collection schemes, and
interpretation constraints. The study is being conducted by Professor Emilio Laca at the
University of California, Davis with funding provided by the FWS.
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Below is a brief list of work plan elements included in the Smelt Survey Review Study:
Conduct Scoping Workshop

(0]

5.6

Assemble Agency (IEP) representatives for the purpose of identifying available
programmatic materials for review, identifying available support personnel,
finalizing project timelines and specifying deliverables under general contract terms.
Ongoing Juvenile Fish Monitoring Program and Juvenile Salmon Survivorship Study
review planning shall be used as a guide for finalizing work priorities and
deliverables.

Understand and characterize current aims and protocols

Collect background on purpose and requirements for surveys. Understand current
field protocols and equipment limitations. Become familiar with past and current
needs for data and information, management questions, and water operations
recommendations. Provide context for IEP regulatory requirements, special studies
demands, and Workplan formulation.

Evaluate statistical validity of collection and interpretation protocols and procedures;
propose alternative methods if necessary

Examine temporal and spatial aspects of sampling routines in light of long-term
collection aims and newer, near-term data interpretation needs. Incorporate
updated collection and interpretation methods where warranted. Provide contrast
between past, present, and proposed protocols for illustration. Describe
shortcoming and strengths of existing sampling schemes given existing
infrastructural and programmatic limitations.

Devise implementation plan/change scheme and provide oversight for modification
efforts (as needed)

Using current IEP sampling programs as a basis for recommendation, provide
updated or modified sampling plan, if needed. Oversee data conversion where
necessary. Provide archive/conversion services as needed to avoid “orphan” data
sets. Provide guidance regarding change-over to newer or modified data collection
and interpretation schemes.

Central Valley Chinook Life Cycle Model

The NMFS Southwest Fisheries Science Center is leading a team developing a Central Valley
Chinook Life Cycle Model (CVC-LCM) that tracks the production, movement, survival, and
development of monthly cohorts of winter-run Chinook salmon through five distinct habitats:
River, Delta, Floodplain, Bay, and Ocean. Hydrodynamics and water quality in the River and
Delta play a key role in determining the probability that salmon will survive through the
different stages of their life cycle. For example, water flow and velocity drives the movement of
salmon through their ecosystem, which influences their ultimate survival and ability to
reproduce. In addition, salmon survival is affected by the availability of highly-productive
floodplain habitat that is generated by flows of sufficient magnitude to overtop weirs in the
Central Valley.

A variety of water management decisions, such as reservoir releases, water diversions, pumping
schedules, etc., influence the hydrodynamics of the River and Delta habitats. Initial modeling will
use existing models (CALSIM I, HEC-RAS and DSM2) to describe the physical environment under
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various hydrological and operational scenarios. Later versions of the model will use a modified
DWR Particle Tracking Model (PTM) to include fish-like behaviors, to predict salmon survival
under different conditions in the Delta.

5.7 Enhanced PTM

As described in the summary of the CVC-LCM above, the LCM development team expects to
incorporate a modification of the DWR’s PTM module in later versions of the CVC-LCM that will
model how particles with fish-like behaviors respond to hydrodynamic conditions in the Delta.
Development of this tool will allow evaluation of RPA actions that affect within-delta
hydrodynamic conditions.

5.8 Other Studies Pertaining to Juvenile Survival in the South Delta

Juvenile salmonid migrational behavior and survival in the south Delta has been the subject of
considerable research. Table 5-2 provides a summary listing of proposed, ongoing, and recently
completed studies pertaining to salmon survival in the south Delta.

5.9 IEP Studies Relevant to OMR and Delta Smelt Entrainment

Tables 5-3, 5-4, and 5-5 provide summary of some of the 2014 and 2105 IEP studies that help to
address specific questions and hypotheses regarding OMR and Delta Smelt entrainment.

These tables illustrate how many IEP studies directly address data needs, hypotheses, and
qguestions. The tables summarize: studies planned for 2014 (Table 5-3); likely studies to be
added in 2014 (Table 5-4); and additional relevant work that is being considered for 2015 (Table
5-5). It should be clear from the tables that multiple surveys, data sets, and studies will likely be
necessary to address the questions and hypotheses outlined in Section 4.2.
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PREFACE

This is a progress report on the work of the South Delta Salmonid Research Collaboration
(SDSRC) since January 2013, primarily through a smaller work group of the SDSRC primarily
composed of scientists and researchers from multiple agencies and organizations (called the
SDSRC Science Working Group or SSWG for purposes of this report). The status report was
prepared at the request of the Collaborative Adaptive Management Team (CAMT). It is the
product of multiple authors, reviewers, and editors from among the diverse membership of
the SSWG. A complete list of regular SSWG participants can be found in Appendix C of this
report. Without limiting the contributions of any individual, those primarily involved in
preparing this report included a diverse group of federal and state agency scientists, water
contractor staff and consultants, and environmental organization staff who participated in
SDSRC meetings and contributed to the products compose this progress report (see list

below). The regular participants in the SSWG and their affiliations are listed in Appendix C.

This progress report was prepared at the request of the CAMT and was compiled from text
prepared by multiple participants which was reviewed and edited by a subgroup of the
SSWG that included:

Pat Brandes U.S. Fish and Wildlife Service
Rebecca Buchanan University of Washington
Barbara Byrne National Marine Fisheries Service
Louise Conrad California Department of Water Resources
Sheila Greene Westlands Water District
Chuck Hanson Consultant, State Water Contractors
Mike Harty Kearns & West (facilitator)
Brett Harvey California Department of Water Resources
Sean Hayes National Marine Fisheries Service
Matt Holland Delta Stewardship Council
Josh Israel U.S. Bureau of Reclamation
Mike Schiewe Consultant, Anchor QEA, LLC
Jeff Stuart National Marine Fisheries Service
Progress Report January 2014
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LIST OF ACRONYMS AND ABBREVIATIONS

CAMT Collaborative Adaptive Management Team
cfs cubic feet per second
CSAMP Collaborative Science and Adaptive Management Program
CVP Central Valley Project
DFW California Department of Fish and Wildlife
DWR California Department of Water Resources
ESA Endangered Species Act
I/E San Joaquin inflow to Delta export
IEP Interagency Ecological Program
NMEFS National Marine Fisheries Service
NOAA National Oceanic and Atmospheric Administration
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Reclamation U.S. Bureau of Reclamation
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RPA Reasonable and Prudent Alternative
SAR smolt to adult
SDSRC South Delta Salmon Research Collaborative
SSWG SDSRC Science Working Group
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1 INTRODUCTION

This report summarizes progress of the South Delta Salmon Research Collaborative (SDSRC)
since the group was convened in January 2013. The report begins with a brief summary of
events leading to creation of the SDSRC. This summary is not intended to be exhaustive but
rather to provide context for the SDSRC’s purpose and scope. The bulk of the report focuses
on describing the group’s agreements on a process and some specific activities and products
since January 2013. The report is intended to document SDSRC discussions during 2013 and
to assist decision-makers in understanding important choices that require attention as part of

a collaborative research program focusing on south Delta salmonid survival.

The content in this draft Progress Report was compiled from the input of multiple
contributors who actively participated in the SDSRC and volunteered to prepare draft
sections. The contributors and other Science Working Group participants jointly reviewed

the content and accuracy of this report.

1.1 ESA Listings, Biological Opinions, and Litigation
Endangered Species Act (ESA) listings of multiple populations of Central Valley salmonids

began in 1989 with the listing of Sacramento winter-run Chinook salmon, which was
followed by the additional listings of Central Valley spring-run Chinook salmon and
California Central Valley steelhead in the 1990s. Subsequent Biological Opinions on the
long-term operations of the Central Valley Project (CVP) and State Water Project (SWP)
have been the subject of legal challenges in federal court, which have resulted most recently
in the remand, without vacatur,! of the Biological Opinion issued by the National Oceanic
and Atmospheric Administration’s (NOAA’s) National Marine Fisheries Service (NMFS) in
June 2009, and an order to submit a revised Biological Opinion by February 1, 2016. Since
many of the legal claims were related to scientific uncertainties or disagreements about
whether or how water operations affect listed salmonids or about how estimated impacts
affect population growth rates, the federal defendants (NMFS and the U.S. Bureau of

Reclamation [Reclamation]) and parties to the litigation (including the California

1 A subset of actions in the Reasonable and Prudent Alternative of the Biological Opinion were challenged; a
subset of challenged actions were the basis for the remand of the Biological Opinion; “without vacatur”
means that a//actions are still in effect until the new Biological Opinion goes into effect.
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Department of Water Resources [ DWR], CVP and SWP water contractors, and
environmental organizations) discussed options for addressing these scientific uncertainties
in a more collaborative framework rather than engaging in another adversarial “battle of the
scientists” in court. Federal defendants and DWR requested a 3-year extension of the
remand schedule in order to allow for the development of a collaborative science process
that would help to inform the new Biological Opinion. In April 2013 federal Judge
Lawrence O’Neill granted an initial one-year extension of time for NMFS to submit a draft
Biological Opinion and to establish a Collaborative Science and Adaptive Management
Program (CSAMP), with further extensions contingent on a showing of substantial progress
(language from the Court’s order provided for background only; see Appendix A for the

complete order):

On or before February 15, 2014, the parties shall submit a joint status report to
the Court detailing progress that has been made in connection with the
CSAMP as well as providing additional information about CSAMP's future
activities and how any results will be incorporated into the consultation

processes.

1.2 SDSRC

The SDSRC was established jointly by NMFS and DWR in early 2013, with input and
participation of Reclamation, U.S. Fish and Wildlife Service (USFWS), California
Department of Fish and Wildlife (DFW), State Water Contractors, Westlands Water District,
and Delta Stewardship Council. All of these federal and state agencies were interested in
supporting a more collaborative approach to pursuing research into the effects of San Joaquin
inflows and delta water exports on salmonid survival in the south Delta. It was convened as
an open technical forum bringing together researchers and managers to focus on improving
the understanding of juvenile salmonid survival in the south Sacramento-San Joaquin Delta
and its relationship to flow and exports. It was specifically designed to create a collaborative
forum for thoughtful, extended information exchange and discussion involving complex
scientific issues with significant policy and management implications. Participants included
parties that had previously been at odds over the importance of San Joaquin inflows and

water exports in survival of juvenile salmonids in the south Delta, including participants
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from the above-noted agencies and groups as well as selected environmental organizations

and consultants for state and federal water contractors.

1.3 Scope

The charge to the SDSRC is to explore opportunities to conduct research that would reduce
the scientific uncertainties about the effects of CVP/SWP project operations and San Joaquin
River inflow to the Delta on the migration routing and survival of San Joaquin salmonids.
The scope, which was established by the convening agencies, was as follows: the effects of
[San Joaquin] inflow and exports on south Delta hydrodynamics, and the effects of
hydrodynamics on factors affecting migration behavior and survival of juvenile salmonids.
This scope was established to ensure a SDSRC focus on the operation of the CVP and SWP
projects, which are in turn the long-term operations subject to ESA Section 7 consultation
and the focus of the current litigation. Although the SDSRC focused primarily on San
Joaquin-origin salmonids, discussions also considered the influence of south Delta

hydrodynamics on listed Sacramento-origin juvenile salmonids.

1.4 SDSRC Purpose and Approach
The initial SDSRC meeting on January 29, 2013, was attended by a wide range of

stakeholders with an interest in how CVP and SWP operations are managed for the
protection of listed species, including federal and state agencies, public water agency
representatives, and environmental advocates (a sign-in sheet from the meeting is included
in Appendix B). The diversity of the attendees was consistent with the openness and
transparency intended by the initiating agencies. Written guidelines for the initial meeting
characterize the SDSRC as “designed for thoughtful, extended information exchange and
discussion involving complex scientific and technical topics.” The SDSRC process is “open to
any participant with relevant scientific or technical expertise and information interested in
participating consistent with the guidelines.” All participants are expected to adhere to the
guidelines in order to promote the kind of constructive scientific collaboration that can be

fostered outside the context of litigation.

The SDSRC, while a scientific collaboration, does not rely on consensus for decision-making.

The expectation is that individual researchers and other qualified participants will contribute
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their knowledge and perspectives. To the extent there are agreements, these are captured in
this progress report; points of disagreement during 2013 have also been noted and, during

2014, the SDSRC will work to document the reasons for those disagreements.

1.5 Science Working Group

At the initial SDSRC meeting, a small group of participants volunteered to form a work
group (hereafter referred to as the SDSRC Science Working Group; SSWG) in order to
promote efficiency and progress toward desired objectives. The SSWG was also open to
qualified and interested participants, and has operated consistent with the SDSRC meeting
guidelines (i.e., relying on individual perspectives and knowledge rather than on consensus
decision-making). The SSWG participants are responsible for most of the progress described
in this report. The SSWG briefed the larger SDSRC at multiple points during 2013 and also
briefed a smaller group of agency managers and the Collaborative Adaptive Management
Team (CAMT) on several occasions. A list of SDSRC and SSWG meetings can be found in
Section 3. Regular participants in the SSWG effort are listed in Appendix C.

Progress Report January 2014
South Delta Salmonid Research Collaborative 4 131053-01.01


http:131053-01.01

Case 1:09-cv-01053-LJO-BAM Document 747-2 Filed 02/18/14 Page 12 of 194

2 RESEARCH FORMULATION STRATEGY

Beginning with its initial meeting in January 2013, the SDSRC adopted a step-wise strategy
and aggressive timeline to design, peer review, and implement new research focused on
increasing the understanding of the role of water project operations on juvenile salmonid
survival. The target date for implementation was as early as spring 2014, with the
understanding that research potentially would span multiple years in order to generate

meaningful results.

Toward that end, the SSWG began by compiling and quickly reviewing descriptions of
ongoing research projects in the south Delta and developing a conceptual model for
salmonids in the south Delta. The next step was development of a suite of testable
hypotheses and linked concept proposals for internal work group review, followed by
prioritization for further development. The last planned step was external peer review and,
if necessary, a “fix-it” loop. At this point, the SSWG has not agreed to move any study
forward to external peer review. The strategy also included agency decision-maker input
both before and after external peer review. The rationale for this strategy is to make sure
that projects subjected to peer review were addressing an information need of high value to
management. The plan was to submit those projects receiving high marks through the

external peer review process to agency decision-makers to consider for implementation.

2.1 Ongoing Research

Summaries of selected ongoing south Delta research projects were provided by NMFS,
USFWS, Reclamation, and DWR. The most current version of that project list is provided in
Appendix D. In general, the projects were narrow in scope, focusing on specific questions
involving predator-prey interactions and fish behavior and route selection at migration
junctions. Only two projects investigated through-Delta salmonid survival. One was a
USFWS-led investigation of through-Delta survival of acoustically tagged fall-run Chinook
salmon that had been conducted since 2010 (and represented the continuation of a long-term
study effort on through-Delta salmon survival using coded-wire-tagged study fish). The
other project was a 6-Year Steelhead Survival Study, which was required by Reasonable and
Prudent Alternative (RPA) IV.2.2 in the 2009 Long-term Operations Biological Opinion.

Reclamation is the lead agency for this study.
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Research Formulation Strategy

2.2 Conceptual Model

Conceptual models typically use diagrams, narratives, and/or tables to describe a set of
relationships in a simplified manner. They are often used to develop, refine, and document
understanding of ecosystems, including hypotheses about possible effects from potential
actions. Conceptual models can provide a framework for incorporating new information as

knowledge of the system improves.

SSWG participants developed five separate conceptual models depicting factors affecting
juvenile salmonid survival in the south Delta (Appendix E). These ultimately were
combined into a single, simplified conceptual model (Figure 1) that provided a framework for
development of hypotheses and concept proposals. Based on the group’s continued

discussions, the SSWG participants refined the conceptual model (Figure 2).
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Figure 1
Simplified Conceptual Model for Through-delta Salmonid Survival
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Figure 2
Current Version of the Conceptual Model for South Delta Salmonid Smolt Survival
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The initial approach the SSWG took in developing a conceptual model was a “driver-linkage-
outcome” approach that draws on deterministic models of ecosystem components linked
together with cause-and-effect relationships of interacting variables and outcomes, using the

following definitions:

e Drivers are physical, chemical, or biological forces that control the species or system
of interest.

e Linkages are cause-and-effect relationships between drivers and outcomes.

e Qutcomes are response variables (such as reproductive success, growth, and mortality)

that the conceptual model is attempting to explain.

However, the current structure of the conceptual model (Figure 2) is hierarchical with major
drivers and stressors at the top of the hierarchy (e.g., export and channelization), cascading
through interacting physical and biological linkage mechanisms (e.g., water velocity fields,
habitat area, and predator distribution), with outcomes and endpoints at the bottom of the
hierarchy (e.g., entrainment, predation, and survival). Specific linkages between elements
were not delineated because nearly every element in the conceptual model is linked in some
way to most elements at the same or adjacent hierarchical levels; consistent delineation of all
linkages would have resulted in an incomprehensible “spaghetti” diagram. In the future, as
hypotheses are developed around relationships between specific elements in the conceptual

model, more refined sub-models can be developed to express those relationships.

Because the scope of the SDSRC was limited to a single life stage (juvenile) in a defined
region (south Delta), the conceptual model is not explicitly tied into a full life-cycle model
for anadromous salmonids. However, the model includes extra-regional drivers affecting
mechanistic relationships in the model, such as tidal forcing, and incorporates endpoints
related to the fuller life cycle, such as juvenile condition and timing of ocean entry. Because
the efforts of the SDSRC have been largely focused on direct effects of water inflow and
export on salmonid survival, there is strong interest among some SSWG participants in
expanding the focus in the coming year to include indirect? effects of project operations

relevant to ESA section 7 consultations. Some factors mediating the effect of operations on

2 Throughout this document, the term “indirect” is used in an ecological context and should not be interpreted
with the regulatory meaning of the term in the context of ESA.
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juvenile survival may be responding to indirect effects of Delta operations that can better be

detected using longer term experimentation and observation.

Developing a conceptual model that was deemed satisfactory by all SSWG participants was
an important accomplishment. Organizing many interacting factors that potentially affect
south Delta salmonid survival was an essential starting point for formulation of meaningful
research. This conceptual model was the foundation from which the SSWG built the testable

hypotheses and conceptual study proposals.

2.3 Testable Hypotheses and Concept Proposals

After general agreement on a simplified conceptual model, individual SSWG participants
were invited to develop hypothesis statements consistent with the scope and associated
concept proposals that outlined an experimental approach to testing each hypothesis. Most
of the concept research proposals were brief, one-page outlines based around testable
hypotheses, although several were more fully developed (see the template for concept
proposals in Appendix F). The proposal exercise was intended to highlight key uncertainties
regarding relationships in the conceptual model in the form of testable hypotheses. After an
initial distribution, proposals were revised to incorporate opportunities for integration with
other concept proposals. The result was the development of 14 concept proposals that varied
in temporal and spatial scope. These formed the pool from which studies would be selected
for further development, management review, and (eventually) submittal to the external

peer review process. The concept proposals are included in Appendices G, ], and K.

2.4 Internal Workgroup Review

Over the course of several sessions, the SSWG developed guidelines for reviewing the merits
of each of the submitted hypotheses and concept proposals. These guidelines included
explicit consideration of: 1) relevance to scope; 2) scientific merit; 3) logistic and
environmental uncertainties; and 4) potential policy flags. Each SSWG participant reviewed
the full set of hypotheses and concept proposals using the concept proposal evaluation
guidelines outlined in Section Ia of the document provided in Appendix H. All participants
were encouraged to consider the guidelines but were also free to use alternative approaches

or criteria for their input. Work group participants subsequently shared their reviews as part
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of a process of identifying a subset of proposals meriting further development and assessed

the potential for further integration of proposals.

2.5 External Peer Review

A hallmark of rigorous science is the process of external peer review. The SSWG participants
identified a multidisciplinary pool of well-published scientists covering a range of disciplines
relevant to the studies expected to fall within the SSWG’s focus. The peer reviewers would
be asked to evaluate a full proposal on the basis of: 1) scientific merit and technical quality; 2)
proposed research plan; 3) resources; and 4) team qualifications (Section II of the document
provided in Appendix H). For each full proposal moving forward to this step, three to four
reviewers would be identified covering the range of relevant expertise. For example, review
of an acoustic telemetry study investigating water export effects on near-field migrational
behavior and survival would require review by scientists with expertise in experimental
design and statistical analyses, acoustic tag-based survival studies, hydrodynamics, and
salmon ecology. Following peer review, any recommendations to improve the study would
be addressed in a fix-it loop. To encourage participation in the review process and timely
responses, the external scientists participating in the process would be compensated for their

time.3

2.6 Manager Review and Recommendation for Funding

Decision-makers would be involved in proposal selection both before and after the external
peer review. As described in Sections Ib and III, respectively, of the guidelines document
(Appendix H), key criteria to be considered by decision-makers would be relevance to the
ESA consultation on water project operations, feasibility of implementing needed
experimental conditions given existing regulations and demands on the system, and

feasibility in terms of expected funding and staff-time availability.

3 The research proposals developed by the work group have not yet been submitted for peer review.
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3 SDSRC MEETINGS AND GUIDELINES

The full SDSRC has convened on four additional occasions, either in person or via
conference call, since the January 29, 2013, kickoff: February 27, May 6, June 7 (call), and
July 15. These sessions were generally designed as briefings by the SSWG to promote
understanding of progress, challenges, next steps, and necessary decisions by managers. The
SSWG has convened either in person or by conference call 11 times: February 22, March 25,
April 8, April 22, May 30, July 15, August 20, September 3, September 25 and 26, and
October 25. Representatives of the SSWG separately briefed a core group of agency
managers on two occasions during this period, and SSWG representatives also briefed the

CAMT on two occasions.

The SDSRC meeting guidelines can be found at Appendix I.
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4 OUTCOMES

4.1

Overview

Considering the diverse agency and stakeholder group representation within in the SSWG,

there was an immediate and surprising level of consensus among SSWG participants at the

first meeting on four key points:

The large-scale survival studies that primarily track survival between Mossdale and
Chipps Island have not yet provided a clear answer to the primary question, "How do
combinations of export and inflow rates affect juvenile salmonid survival?"

The full range of conditions targeted in the Vernalis Adaptive Management Plan
(VAMP) study design for assessing survival of Chinook salmon was not achieved with
the observed hydrology during the VAMP years. The full range of conditions
potentially testable in the 6-year Steelhead Survival Study required in the NMFS
Biological Opinion have not yet been achieved over the past three years; there are 3
years remaining for this study.

If a large-scale survival approach is continued, the best chance of detecting an export
effect on juvenile salmonid survival in the south Delta is to apply "treatments" of
extreme export and inflow levels that are held constant over the time necessary for a
tagged-fish release to transit the south Delta, a period of approximately 2 to 3 weeks.
The group also acknowledged that under some conditions, relatively large numbers of
fish may be needed for experimental releases to account for predation and other losses
while having a sufficient sample size to effectively estimate survival (e.g., statistical
power). Implementing these more extreme treatments is expected to increase the
signal-to-noise ratio, yet it was recognized by the group that a single replicate, no
matter how extreme, may still not allow broad inference. Additionally, using study
fish from the specific population of management importance (steelhead, winter-run
Chinook salmon), rather than from a surrogate population such as fall-run Chinook
salmon, provides direct information on the influence of unique behaviors and life
histories of those populations on survival instead of requiring additional inference
regarding surrogacy.

Export operations influence juvenile salmonid survival through direct entrainment at

the pumps and through indirect "linkage" mechanisms such as migration route
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selection, juvenile residence time in the south Delta, and numerous other factors

involved with predation risk.

Most SSWG participants agree that understanding indirect effects and longer term effects of
project operations is relevant to the ESA Section 7 consultation on those long-term
operations, and that the SSWG’s efforts need not be limited to hypotheses related to direct

effects of Delta operations.

During its initial 10 months, the SDSRC has generated several key accomplishments

including:

e Melding of draft conceptual models into a single simplified conceptual model of south
Delta salmonid survival (Appendix E and Figure 1)

e Agreement on the high value of evaluating the statistical power of a study based on a
biologically relevant effect size as part of study planning

e Development of a suite of hypotheses and associated concept research proposals

e Ongoing discussions among a diverse set of participants with a range of perspectives

4.2 Proposals and Studies

Fourteen proposals were produced (Appendices G, J, and K), ranging in focus from large-
scale, through-Delta survival studies, to meso-scale predation and migration behavior studies,
to fine-scale migration behavior and habitat use studies. Approaches ranged from simulation
modeling, to field observation, to manipulative experimentation. Three of these studies (two
ongoing multi-year studies of through-delta survival of steelhead and Chinook salmon, and
one predation study funded for 2014) already had funding and were presented to the SSWG
for recommendations of potential study modifications to improve or augment research
approaches and objectives. For example, could the proposed studies be modified to leverage
resources (e.g., tagged fish, receivers, and estimation of environmental covariates) from
concurrent studies? In addition, two of the newly proposed studies (without funding) were
identified for priority implementation in 2014, pending further development of the study

design and identification of funding sources.
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The following section lists ongoing and proposed studies for 2014 that were discussed by the
SSWG or SSWG subgroups.

4.2.1 Funded Studies Planned for 2014

Three studies that will be implemented during 2014 are particularly relevant to the SDSRC’s
scope of understanding linkages between project operations and salmonid survival in the

south Delta:

e Survival of steelhead smolts during outmigration in the San Joaquin River and Delta
(6-Year Steelhead Study)

e Survival of Chinook salmon smolts during outmigration in the San Joaquin River and
Delta (Chinook Salmon Survival Study)

o Testing the effects of manipulated predator densities and prey transit time on juvenile

salmonid survival at the San Joaquin and Old River confluence

4.3 New Studies Proposed by SDSRC

Based on the SSWG review of the 14 concept proposals, and in consideration of the studies
already planned for implementation in 2014, SSWG identified two proposals with high

potential for implementation in 2014 for further development:

e Collaborative hypothesis testing based on additional or meta-analyses of existing
survival studies of tagged salmonids in the delta (“Desktop Survival Study,” see
Appendix J).

e Movement behavior of juvenile Chinook salmon in the Old River channel under the

influence of tidal patterns and export operations (“Field Movement Study,” see
Appendix K).

The “Desktop Survival Study” (Appendix ]J) proposes additional analysis or meta-analysis of
data from previously conducted studies of the survival and movement of tagged salmonids
(including coded-wire-tag, radio tag, or acoustic tag technologies). This study proposal is

currently under revision.
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The “Field Movement Study” is a field study designed to monitor both fine-scale and meso-
scale movement of acoustically tagged juvenile salmonids under a range of Old River and
Middle River (OMR) flows in the Old River channel to the north of the export facilities. The
main purpose of this study is to establish the effects of exports on migration rates,
entrainment probability, and residence time in the Old River corridor for salmonids
originating from both the Sacramento and San Joaquin rivers. A SSWG subgroup met on
June 17 to further develop the study design and determine the logistical requirements. At
the June 17 meeting, this team identified a technical roadblock described below that has

postponed further steps toward study implementation.

Current telemetry equipment and analyses cannot identify with high accuracy whether an
acoustic tag-detection represents a free-swimming juvenile salmonid or a juvenile that has
been consumed by a predator. Therefore, presumed juvenile behavior based on tag
movement may actually represent predator behavior. Algorithms have been developed to
identify predator-like behavior of tags. However, the confounding effect becomes more
severe at higher predation rates because a greater proportion of tag detections are likely
predators. Even if the algorithms had a high rate of accuracy in identifying predated tags, in
the presence of low salmonid survival a large proportion of the tags considered to be smolts
might actually be predators. Computer algorithms are considered more accurate over larger
spatial scales, because tags must pass multiple tag-detecting receivers, providing multiple
opportunities to discern smolt-like versus predator-like movement behavior. Therefore,
through-Delta survival estimates for ongoing studies are considered adequately robust to tag
predation, even at very low survival rates, while estimates of survival rate and migration
routing for smaller reaches within the South Delta are less reliable. For this reason the
subgroup recommended postponing further development of the newly proposed field study
investigating export effects on movement behavior in the Old River until the confounding of

study results by tag predation can be adequately controlled or better understood.

To address the confounding effects of predation on acoustic telemetry studies, several
measures have been proposed or are in development. Two tag manufacturers are currently
developing predation-detecting acoustic tags in collaboration with DWR, with one tag model
showing promising results in lab tests and proceeding to field trials as early as 2014.

Predation-detecting tags will be most useful for medium- to large-scale studies, but because
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of a lag time between the actual predation event and triggering of the detection mechanism,
these tags may be less useful for studies tracking short temporal-scale movement.

Although the SSWG opted to postpone small-scale studies reliant on acoustic telemetry, this
topic is currently under further discussion by the SSWG.

4.4 Modification of the 6-Year Steelhead Study

To maximize opportunities for data collection in 2014, the SSWG considered options for
modifying the ongoing 6-Year Steelhead Survival Study to enhance the value of the
information the study was generating. One early suggestion was to add an additional release
group in February to increase the range of operational conditions tested within a single year.
Another modification considered was to specifically target the inflow and export conditions
that had not yet been tested during the first 3 years of the study (Appendix L). Yet another
potential modification was to transition to a hypothesis-testing approach that would compare
through-Delta survival under conditions of extremely high and low inflow, and extremely
high and low export. This latter approach would maximize the signal of inflow and export to
increase the power to detect an effect; these treatments would also represent conditions not

previously tested.

At an early November 2013 briefing of agency decision-makers regarding possible
modifications, SSWG representatives reported that they were continuing to discuss both
potential modifications and that each modification had its supporters. While the two
approaches are not mutually exclusive, they do represent two types of analytical approach.
The high-low approach can be viewed as a statistical testing of the difference between two
treatment conditions; whereas, obtaining survival estimates under a range of conditions is a

multivariate regression-based approach.

4.5 Ability to Detect a Significant Export Effect on Survival

A topic that repeatedly came up during SSWG sessions was that of identifying a survival
difference between inflow/export conditions that is biologically meaningful. Identifying the
desired minimum effect size (the estimated magnitude of a response to a variable of interest)
is needed to assess the statistical power of an experiment. The ability to detect a change in

survival in response to changes in export or inflow relies, in part, on both the sample size of
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tagged fish and the range of export and inflow levels that occur across different release
groups of acoustically tagged fish. To better understand the effect of sample size on the
ability to discern a doubling of through-Delta survival rate for Chinook salmon or a 10%
increase in survival rate for steelhead, a power analysis was conducted by SSWG participant
Rebecca Buchanan (Appendix M) at the request of the Field Movement Study subgroup of
the SSWG. For the purposes of this analysis, the subgroup identified a doubling of Chinook
salmon survival, e.g., from 5% (based on recent estimates) to 10%, as a reasonable effect size.
Steelhead survival through the south Delta has been much higher in the first year of results
available (38% to 69%), such that a 10% proportional increase in survival rate, e.g., from 50%

to 55%, was deemed biologically relevant for the purposes of this exploratory power analysis.

The power analysis indicated that a Chinook salmon sample size of around 200 tagged
juveniles for each “treatment level” of exports would likely be adequate to detect a
meaningful increase in survival rate during years with survival of 10%, compared to 2,000
tagged juvenile steelhead necessary to detect a meaningful increase in steelhead survival.
During low survival years (i.e., dry water years) sample size for each export level would need
to be around 1,500 for Chinook salmon and 6,000 for steelhead. The higher sample size
required for steelhead is due to the smaller proportional increase in survival rate necessary to
be considered meaningful, only a 10% increase compared to a 100% increase for Chinook
salmon. These sample sizes are logistically achievable for Chinook salmon, especially
considering that sample sizes can be broken into replicates to achieve similar statistical
power. However, according to this analysis, the sample sizes indicated for steelhead will be

more challenging and costly to achieve.

Another approach to increase the chance of detecting an export effect on survival is to force
a larger range in survival rates between different releases, either by increasing the highest
survival rate, lowering the lowest survival rate, or both. This could theoretically be achieved
by releasing tagged fish during extremely high and low inflow: export combinations. With
this in mind, a separate analysis was conducted to estimate the range of inflow and export
levels observed during tagged-steelhead releases over the first 3 years of the 6-Year Study
(Appendix L). This analysis found that over the distribution of spring inflows and exports

that have occurred over the past 10 years, tagged steelhead have not been released during the
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most extreme “high-low” combinations of inflow to export, mainly because these

combinations are relatively rare and have not occurred in the last 3 years.

Together, these analyses suggest for the identified effect size and level of significance, large
sample sizes and extreme inflow/export treatments will be necessary to determine whether
exports exert a meaningful direct and immediate influence on through-Delta survival rates.
These measures would also maximize the ability to detect inflow and export effects on
routing and other migration behavior. Alternatively, releases may be made at less extreme
combinations of inflow and export in accordance with the current RPA standards, bearing in
mind that many years of replicate releases may be necessary to have even a modest chance of

detecting a meaningful export effect on survival rate.
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5 SUMMARY OF RANGE OF VIEWS

As noted in Section 4, there was general agreement among SWG participants on several

substantive issues, including the importance of:

e Pursuing opportunities to leverage large-scale, through-Delta studies in coordination
with other studies

e Prescribing stable experimental conditions

e Designing experiments with explicit consideration of statistical power and
biologically relevant effect sizes

e Acknowledging the complex ecosystem context in which multiple interacting

covariates must be considered

Participants have differing views on other key questions. While it was not an explicit goal of
the SDSRC to systematically document the contrasting views and their technical basis, this

section summarizes preliminary discussions of these issues.

There is a range of views regarding the effects of south Delta hydrodynamics, as affected by
San Joaquin inflow or delta exports, on the survival of salmonids emigrating from the San
Joaquin River (and for that matter from the Sacramento River) through the south Delta. The
RPA of the NMFS 2009 Biological Opinion on long-term operations of the CVP and SWP
includes two key actions that fall within the scope of SDSRC, in that they link Delta project
operations (and associated hydrodynamic conditions) to through-Delta outmigration success

of salmonids:

e Action IV.2.3 — Requires OMR flows to be no more negative than -5,000 cubic feet
per second (cfs); less negative levels are required when salmonid salvage at the export
facilities exceeds specified triggers

e Actin IV.2.1 — Requires the projects to operate to a particular San Joaquin inflow to

Delta export (I/E) ratio based on the San Joaquin water year classification.

Whether I/E ratio or OMR flows are appropriate metrics for linking to salmonid survival is
subject to different views. Some feel that both metrics are useful, some feel that one metric
may be more useful than the other, and some question the use of either metric as a factor

influencing salmonid survival.
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6 FUTURE CONSIDERATIONS AND DIRECTIONS
6.1 Future of the SDSRC

The SDSRC has proven to be a productive forum for exchanging views and exploring
different approaches to new scientific efforts targeting management-relevant questions. In
addition to developing a conceptual model and associated research proposals focusing on key
research pathways, the group has had technical discussions about a wide range of topics,
including what levels of effect are biologically relevant, the statistical power and
experimental conditions needed to detect a particular effect, the potential ambiguities in
interpreting results from acoustic tag data, the kinds of covariates that would ideally be
measured during any experiment, and the various specific hydrodynamic cues that fish may

be responding to.

A collaborative approach with a wide range of parties is not the fastest way to develop a
study, but it is productive in that the resulting study will have been subject to the scrutiny of
a diverse set of perspectives. This approach should reduce future disagreements about the

inferences that may be drawn from a particular study.

The SSWG has not formally discussed its future potential roles or objectives, or documented
individual views on these topics. However, many SSWG members have expressed interest in

continuing to work collaboratively on the issues discussed in this report.

6.2 Expansion of SDSRC Focus

Several SSWG participants expressed concern that studies selected for implementation may
be limited in focus to studies examining the immediate effects of inflow and exports on
juvenile salmonid route-selection and migration rate or on survival, without identifying the
mechanisms underlying those effects, particularly mechanisms of potential indirect effects or
non-immediate (i.e., longer term) effects. In addition, several SSWG members expressed the
opinion that limiting the research scope to responses directly linked to immediate
hydrodynamic conditions in the south Delta region, and to the geographic region of the
south Delta in general, does not allow a full exploration of hypotheses of how various factors
may interact with Delta hydrodynamic conditions to affect salmonid through-Delta survival.

As presented in the initial January 29, 2013, SDSRC meeting, the scope of the proposed study
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(or studies) was to determine effects of inflow/export on south Delta hydrodynamics and the
effects of hydrodynamics on factors affecting behavior and survival of salmonids. This scope
was chosen by co-conveners NMFS and DWR in order to focus scientific efforts towards
resolution of one of the most contentious (because of high water cost in combination with
some uncertainties) issues raised during litigation—implementation of the San Joaquin River
inflow/CVP/SWP export ratio, which is described in the RPA action IV.2.1 in the 2009
NMFS Biological Opinion. Although this scope does not preclude investigation of indirect
effects or non-immediate effects, comments on study proposals during the internal review
process characterized such studies as being outside the SSWG scope if study design did not
explicitly link response variables to immediate changes in inflow or exports, suggesting a
restatement of scope from the SDSRC (or CAMT) would be helpful to clarify the boundaries

of research focus.

Participants in the SSWG discussed the merits of broadening the focus of the recommended
studies to include multiple levels of ecological processes over a much broader geographical

and temporal range. Such an expansion could include a range of topics. The SSWG did not
attempt a definitive list of such topics, but possible avenues raised in discussions or research

concepts included:

e Predator movement and behavior in relation to Delta environmental conditions and
habitats

e Interaction of predator abundance with salmonid behavior

e Salmonid behavior and survival in different habitats, under different environmental
conditions (salinity, turbidity, and water velocity) and in response to distributions of
salmonid (and predator) forage bases

e Influence of salmonid origin (hatchery versus wild or wild tributary origin) on

behavioral responses and survival

These types of studies necessitate a multi-year approach that is integrated with co-occurring
studies in the Delta and tributary watersheds. Although SSWG members had different
opinions regarding the relevance of these studies to the scope of the SSWG, participants
generally agreed that such studies could provide relevant information to agency managers to

inform key operational and regulatory decisions.
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6.3 Potential Future Efforts

In October 2013, a few SSWG participants summarized some future efforts to pursue should
the SDSRC continue during 2014. Preliminary descriptions and development of some of the
“to-do” list (not yet approved by or prioritized by the SSWG) are provided in Appendix N.
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7 SUMMARY AND CONCLUSIONS

The SDSRC has been meeting once to twice per month since late January 2013 to explore
research opportunities and design of experiments to broaden the understanding of the effects
of San Joaquin inflow and SWP and CVP water exports on south Delta hydrodynamics and
survival of migrating juvenile salmonids. The SSWG, with periodic review and input by the

full SDSRC, developed a series of technical products, including:

e A conceptual model of south Delta salmonid migrational survival (Figure 2)

e An analysis of statistical power for a 1-year through-Delta survival study of steelhead
and fall Chinook (Appendix M)

e Identification of potential effect size differences that may be important biologically
for the purposes of experimental design development and scientific inquiry

e Fourteen hypothesis-based concept proposals for research improving the
understanding of south Delta salmonid survival (Appendix G)

e Guidelines for concept proposal evaluation (Appendix H)

e A review of the ongoing 6-year steelhead study (RPA IV.2.2), to include
identification of inflow-export conditions that have not yet been tested (Appendix L)

e Identification of opportunities and constraints to enhance learning from the 6-year
steelhead study in 2014 (Section 4.4)

o Identification of a new “Desktop Survival Study” (still in review) for implementation
as early as 2014 that includes additional analysis or meta-analysis of data from
previously conducted studies of the survival and movement of tagged salmonids
(Appendix ])

An important, yet easy to overlook, accomplishment of the SDSRC was the establishment of
a technical forum for scientists from DWR, DFW, Reclamation, USFWS, NMFS, and
technical staff and consultants for water contractors and non-government organizations to
work collaboratively exploring ideas for new research, discussing interpretations of
previously conducted research, and repairing relationships that had been stressed by years of
litigation. The SDSRC was a “meeting space” where scientists were encouraged to discuss
and challenge interpretation of technical information from an individual technical
perspective, not from the perspective of presenting an agency position. Moreover, the

breadth of the concept proposals highlights that the SDSRC is certainly not short of new and
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Summary and Conclusions

innovative research ideas. If the SDSRC scope changes or broadens, the SSWG would
consider developing additional concept proposals or reprioritize existing proposals to reflect
that new scope. Continuing the SDSRC under an expanded scope is strongly supported by
many SSWG participants.
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APPENDIX A
EXTENSION OF REMAND TIMELINE
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UNITED STATES DISTRICT COURT

FOR THE EASTERN DISTRICT OF CALIFORNIA

Lead Case:
1:09-cv-00407 LJO BAM

Member Cases:

THE CONSOLIDATED DELTA SMELT CASES 1:09-cv-00422 LJO GSA
1:09-cv-00480 LJO GSA
1:09-cv-00631 LJO DLB
1:09-cv-00892 LJO DLB

Partially Consolidated With:
1:09-cv-01201-LJO-DLB

MEMORANDUM DECISION AND
ORDER RE MOTION TO EXTEND
REMAND SCHEDULE (Doc. 1080)

Lead Case:
1:09-CV-01053 LJO BAM

Member Cases

1:09-CV-01090 LJO DLB
THE CONSOLIDATED SALMONID CASES 1:09-CV-01378 LJO SMS
1:09-CV-01520 LJO SMS
1:09-CV-01580 LJO DLB
1:09-CV-01625 LJO SMS

MEMORANDUM DECISION AND
ORDER RE MOTION TO EXTEND
REMAND SCHEDULE (Doc. 703).

I. INTRODUCTION

The final amended judgment in the Consolidated Delta Smelt Cases requires the U.S. Bureau of
Reclamation (“Reclamation”) and the U.S. Fish and Wildlife Service (“FWS”) to complete a revised
Biological Opinion (“BiOp”) under the Endangered Species Act (“ESA”) regarding the impact of
proposed operation of the Central Valley Project (“CVP”’) and State Water Project (“SWP”’) on the

threatened delta smelt, as well as to conduct certain related analyses under the National Environmental
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Policy Act (“NEPA”), by December 1, 2013. 1:09-cv-00407 (“Smelt”) Doc. 884. The final judgment in

the Consolidated Salmonid Cases requires Reclamation and the National Marine Fisheries Service
“NMFS”) to complete a BiOp analyzing the impact of CVP and SWP operations on five aquatic species,
including three salmonid species, and a related NEPA analyses, in accordance with a schedule that calls
for issuance of a Record of Decision by Reclamation by April 29, 2016. 1:09-cv-01053 (“Salmonid™)
Doc. 655. The schedules embodied in these judgments were modeled largely after schedules suggested
by Federal Defendants, over numerous objections to the length of the remand period. Smelt Doc. 877-1;
Salmonid Doc. 653.

Federal Defendants from these two sets of consolidated actions, as well as Plaintiff Intervenor in
both cases, the California Department of Water Resources (“DWR?”), (collectively, “Movants”) jointly
move to extend the respective remand schedules by three additional years. Smelt Doc. 1090; Salmonid
Doc. 713. Defendant-Intervenors objected. Smelt Doc. 1092; Salmonid Doc. 722. After reviewing the
initial pleadings, the Court concluded that Movants had not yet met their burden under Fed. R. Civ. P.
60(b), which governs amendment of the judgments in question. Smelt Doc. 1098; Salmonid Doc. 728.

Upon the Court’s invitation and pursuant to a stipulated two-week continuance, Movants filed
supplemental support for the requested extension on March 15, 2013. Smelt Doc. 1101; Salmonid Doc.
731. Various Plaintiffs filed statements of non-opposition, Smelt Doc. 1103 (Metropolitan Water District
pf Southern California, State Water Contractors, Kern County Water Agency, and Coalition for a
Sustainable Delta), Salmonid Doc. 733 (same), or joinders, Smelt Doc. 1104 (San Luis & Delta Mendota
Water Authority, Westlands Water District, Family Farm Alliance), Salmonid Docs. 734 (same) & 735

Oakdale Irrigation District, South San Joaquin Irrigation District, Stockton East Water District).
Defendant-Intervenors filed a supplemental opposition. Smelt Doc. 1105 (San Luis & Delta Mendota
Water Authority, Westlands Water District, Family Farm Alliance), Salmonid Doc. 738.

Having considered all of the relevant submissions, the Court concludes that the issues are well

defined and that oral argument is not necessary. The matter is therefore decided on the papers pursuant to

Local Rule 230(g) and the following decision rendered.
2
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I1. DISCUSSION

A. Legal Standard.

Fed. R. Civ. P. 60(b) provides:

On motion and just terms, the court may relieve a party or its legal representative from a
final judgment, order, or proceeding for the following reasons:

(1) mistake, inadvertence, surprise, or excusable neglect;

(2) newly discovered evidence that, with reasonable diligence, could not have
been discovered in time to move for a new trial under Rule 59(b);

(3) fraud (whether previously called intrinsic or extrinsic), misrepresentation, or
misconduct by an opposing party;

(4) the judgment is void,

(5) the judgment has been satisfied, released or discharged; it is based on an
earlier judgment that has been reversed or vacated; or applying it prospectively is
no longer equitable; or

(6) any other reason that justifies relief.

In their initial pleadings, Movants relied on Rule 60(b)(5), asserting application of the respective
judgment “prospectively is no longer equitable.” Smelt Doc. 1095 at 9-10; Salmonid Doc. 726 at 7. A
party invoking Rule 60(b)(5) must satisfy a two-prong standard. United States v. Asarco, Inc., 430 F.3d
972, 979 (9th Cir. 2005) (citing Rufo v. Inmates of Suffolk County Jail, 502 U.S. 367 (1992)). First,
“[t]he moving party must satisfy an initial burden of showing a significant change either in factual
conditions or in the law warranting modification of the [judgment].” Id. (citing Rufo, 502 U.S. at 384).
Next, “the proposed modification [must be] suitably tailored to resolve the problems created by the
changed factual or legal conditions.” Id. (citing Rufo, 502 U.S. at 391). If the movant can point to
“significantly changed factual conditions, ... it must additionally show that the changed conditions make
compliance with the [judgment] ‘more onerous,” ‘unworkable,” or ‘detrimental to the public interest.””

d. (citing Small v. Hunt, 98 F.3d 789, 795 (4th Cir. 1996) and quoting Rufo, 502 U.S. at 384)."

In their supplemental brief, Federal Defendants cite Federal Power Commission v.

" Rufo and Asarco concerned the modification of consent decrees entered in cases involving institutional reform. The Ninth
Circuit has confirmed that the standards set forth in Rufo provide a “general, flexible standard for all petitions brought under
the equity provision of Rule 60(b)(5).” Bellevue Manor Associates v. United States, 165 F.3d 1249, 1255 (9th Cir. 1999)
(emphasis added); see also Conservation Cong. v. U.S. Forest Serv., 2010 WL 3636142 (E.D. Cal. Sept. 14, 2010) aff'd, 489
F. App'x 151 (9th Cir. 2012) (applying Rufo in Administrative?’ Procedure Act case).
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Transcontinental Gas Pipe Line Corporation, 423 U.S. 326, 333 (1976), for the proposition that where a

federal administrative agency seeks to define “the methods, procedures, and time dimension of the

needed inquiry” on remand, the agency retains discretion to determine how it “may best proceed to
develop the needed evidence and how its prior decision should be modified in light of such evidence as
develops.” The Supreme Court’s reasoning in Transcontinental suggests that a reviewing court should
not normally interfere with an agency’s determination about how long remand would take to complete:
At least in the absence of substantial justification for doing otherwise, a reviewing court
may not, after determining that additional evidence is requisite for adequate review,
proceed by dictating to the a the results to be reported to the court without opportunity for
further consideration on the basis of the new evidence by the agency. Such a procedure
clearly runs the risk of “propel(ling) the court into the domain which Congress has set
aside exclusively for the administrative agency.” SEC v. Chenery Corp., 332 U.S. 194,
196 (1947). “The Court, it is true, has power ‘to affirm, modify, or set aside’ the order of
the [agency] ‘in whole or in part.’ . . . But that authority is not power to exercise an
essentially administrative function.” FPC v. Idaho Power Co., 344 U.S. 17, 21 (1952).
Id. (emphasis added).

Yet, recent Ninth Circuit precedent clearly permits imposition of deadlines upon the remand
process. See, e.g., Nat'l Wildlife Fed'n v. Nat'l Marine Fisheries Serv., 524 F.3d 917, 937 (9th Cir. 2008)
(“NWF v. NMFS” (finding a court has discretionary authority to impose deadlines on remand
proceedings and that requiring regular status reports during remand is “clearly permissible”); Nat'l Org.
of Veterans' Advocates v. Sec'y of Veterans Affairs, 260 F.3d 1365, 1381 (Fed. Cir. 2001) (setting 120—
day deadline for rule-making, while permitting agency to move for a reasonable extension if rule-
making could not be completed within this timeframe). The Ninth Circuit’s precedent is not in conflict
with Transcontinental. For example, although the district court in NWF v. NMFS acknowledged that
Transcontinental prohibits a reviewing court from dictating to an administrative agency “the methods,
procedures, and time dimension” of the remand in the absence of “substantial justification,” the agency’s
history of failing to comply with the ESA in that case constituted “substantial justification for a process
that is somewhat detailed and monitored by the court.” NWF v. NMFS, 2005 WL 2488447 (D. Or. Oct.
7,2005) aff'd, 481 F.3d 1224 (9th Cir. 2007) opinion amended and superseded, 524 F.3d 917 (9th Cir.

2008) and aff'd, 524 F.3d 917 (9th Cir. 2008).
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B. Application of the Asarco/Rufo Standard.

1. Significant Change in Factual Conditions.

To justify relief under Rule 60(b)(5) on the ground that a judgment “prospectively is no longer
equitable,” a party must first “satisfy [an] initial burden of showing a significant change either in factual
conditions or in the law warranting modification of the [judgment].” Asarco, 430 F.3d at 979 (citing
Rufo, 502 U.S. at 384). Here, Movants do not suggest that the law has changed. Rather, they argue that
the process by which the relevant agencies and (at least some of the) interested stakeholders plan to
develop scientific information relevant to the remand process has undergone a paradigm shift justifying
the requested schedule modification.

a. General Description of the CSAMP Process.

Movants seek an extension from the remand schedules in both cases to allow staff from the
relevant federal and state agencies to participate in a Collaborative Science and Adaptive Management
Process (“CSAMP”) described in a Proposal attached to the Supplemental Declaration of Ren
Lohoefener. Smelt Doc. 1101-2, Att. 1.2 The stated goal of the CSAMP is to “develop a robust science
and adaptive management program, with collaboration of the scientists and experts from the Public
Water Agencies (PWAs) and the NGO community, that will inform the development and
implementation of the BiOps, [the Bay Delta Conservation Program (“BDCP”)], and other programs.”
Id. at p. 11 of 15. Movants believe that implementation of CSAMP “will result in a halt to the counter-
productive litigation cycle through the development of common understandings of the science, joint
fact-finding, increased transparency through information sharing, and a commitment to work together so
that parties develop trust and no longer use the courts to solve disputed scientific and technical issues.”
Id. With respect to the disputed BiOps, CSAMP’s specific goals are to:

(a) Identify and evaluate management actions, including but not limited to actions set

forth in the [BiOps’ Reasonable and Prudent Alternatives (“RPAs”)], to protect one or
more of the listed species;

* The remainder of this memorandum decision and order largely cites documents for which identical copies have been filed in
both the Smelt and Salmonid cases. In such cases, only the Smelt citation is provided.
5
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(b) Develop a monitoring program to allow for the evaluation of costs and benefits and of

alternative management actions; and

(c) Support the development and adoption of an annual operational plan by no later than
December 15 of each year.

Movants do not provide a great deal of detail about what the CSAMP will undertake and what it
is likely to achieve. Movants explain that because it is intended to be a “collaborative” process, the
details must be worked out in a collaborative manner after the process has begun. Supp. Lohoefener
Decl. q 20; Decl. of Maria Rea, Doc. 1101-3, q 11. However, Movants do explain that CSAMP will
follow standardized and generally-accepted protocols for a collaborative science process, id., which will
likely involve a nine-step protocol developed by the Delta Stewardship Council, see Rea Decl. § 11
(explaining that these nine steps fall into the three broader categories of “plan,” “do,” and “evaluate and

respond”) & Ex. 1.

b. Foreseeability of Changed Factual Conditions.

“Ordinarily ... modification should not be granted where a party relies upon events that actually
were anticipated” at the time judgment was entered. See Rufo, 502 U.S. at 385; see also
Labor/Community Strategy Ctr. v. Los Angeles Cty. Metro. Transp. Auth., 564 F.3d 1115, 1120 (9th Cir.
2009) (noting that moving party must demonstrate the change was not anticipated at the time judgment
was entered). “[ W]here a party relies upon events that actually were anticipated at the time” judgment
was entered, “modification should be granted only if the party satisfies the heavy burden of convincing
the court that it agreed to the [judgment] in good faith, made a reasonable effort to comply, and should
be relieved of the undertaking under Rule 60(b).” Rufo, 502 U.S. at 385.

Declarations filed in support of the pending motion to modify the judgment have universally
indicated that circumstances related to collaborative scientific action have changed significantly since

entry of judgment:
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Ren Lohoefener, Regional Director of FWS’s Pacific Southwest Region, declares that
while FWS staff was focusing on the increasingly adversarial litigation concerning the
2008 Smelt BiOp, many parties were focusing on the BDCP as a way to develop more
collaborative solutions. However, “negotiations were impacted by the adversarial and
time-consuming nature of the litigation ... making collaborative solutions extremely
difficult.” Supp. Lohoefener Decl. q 4. “Since the litigation has ended, many parties have
focused their efforts on BDCP and on fostering communication between the formerly
adversarial parties.” Id. at § 5. This has led to movement in the BDCP effort as well as
increased communication between formerly adversarial parties concerning
implementation of the 2008 Smelt BiOp’s RPA this past winter. Id. In sum, “there is no
way the Federal Defendants could have predicted that the agencies and stakeholders
could have come to the table in the way described in the [CSAMP] Proposal at the time
the Amended Judgment was issued. The current circumstance is the result of many
hundreds of hours spent meeting with stakeholders and fostering communication.” Id. at
qe6.

Maria Rea, NMFS’s Central Valley Area Office Supervisor, echoes these sentiments,
explaining that “the years of litigation on NMFS’s 2009 salmonid [BiOp] created a very
polarized atmosphere between NMFS and the litigants, including [DWR], with very
different perspectives on what constitutes best available science.” Rea Decl. § 3. When
she submitted a previous declaration proposing a schedule for remand that eventually led
to the current remand schedule, Ms. Rea “did not anticipate” that a new collaborative
science process would be proposed, nor that DWR would take a co-leadership role in the
new South Delta Salmonid Research Collaborative (“SDSRC”), a smaller scale
collaborative science project that the parties view as a subgroup of the larger CSAMP. Id.

at 99 3, 25.
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e FEileen Sobeck, Deputy Assistant Secretary for Fish and Wildlife and parks for the U.S.

Department of the Interior and the point person for negotiation of the CSAMP Proposal,
concurs that there has been a “significant change” in the parties’ entrenched litigation
positions since summary judgment was entered. Sobeck Decl., Doc. 1101-5, at 44 1, 3, 7.

e Dale Hoffman-Floerke, Chief Deputy Director of DWR, agrees that there has been a
“significant breakthrough” in development of the BDCP, which in turn triggered an
intensive collaboration between the state and federal agencies. Hoffman-Floerke Decl.,
Doc. 1101-1 at q 2. In “recent months,” the increasingly collaborative nature of
discussions in connection with the BDCP has “spilled over” into discussions of the
implementation of the RPAs. Id. at § 3. As a result, Hoffman-Floerke too believes there
has been a “paradigm shift.” Id.

Defendant Intervenors dispute that the development of the CSAMP is a “new fact,” pointing out
that expanded stakeholder input was explicitly contemplated by earlier filings with this Court. Smelt
Doc. 1092 at 6. For example, a September 20, 2011 stipulation regarding deadlines for submission of a
revised draft smelt BiOp stated: “Federal Defendants and some of the parties have discussed greater
participation in the consultation process for a new delta smelt BiOp.” Smelt Doc. 1060 at § 5. While this
indicates that some collaboration might have been contemplated prior to the entry of judgment, the
record amply demonstrates that the level of collaboration contemplated by the CSAMP is much more
intense and potentially far-reaching than any previously-described collaborative efforts. The Court is
satisfied that Movants have met their burden to demonstrate there has been a change in circumstances
that was not anticipated at the time judgment was entered. Therefore, the additional “heavy burden”

standard set forth in Rufo does not apply here.’

? For the same reason, there is no merit to Defendant Intervenors’ objection that the motion to extend the remand schedule is
untimely. See Smelt Doc. 1092 at 4-5. Fed. R. of Civ. P. 60(c)(1) provides that “[a] motion under Rule 60(b) must be made
within a reasonable time.” “What constitutes a reasonable time depends upon the facts of each case, taking into consideration
the interest in finality, the reason for the delay, the practical ability of the litigant to learn earlier of the grounds relied upon,
and prejudice to the other parties.” Lemoge v. United States, 587 F.3d 1188, 1196 (9th Cir. 2009) (internal quotations and
citations omitted). Here, Movants’ evidence demonstrates a fairly recent, marked increase in collaboration between
previously adversarial parties. The present motions, initially filed in late December 2012, were made within a “reasonable
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2. Public Interest.

Movants must also “show that the changed conditions make compliance with the [judgment]
‘more onerous,” ‘unworkable,’ or ‘detrimental to the public interest.””” Asarco, 430 F.3d at 979 (citing
Small, 98 F.3d at 795 and quoting Rufo, 502 U.S. at 384). Movants do not suggest that the changed
factual conditions render compliance with the existing deadline “more onerous” or “unworkable.” In
fact, they acknowledge that staff is on target to meet the existing deadlines. See Supp. Lohoefner Decl. ¢
14; Rea Decl. q 8. Rather, Movants maintain that it will be detrimental to the public interest to continue
on the current schedule because the CSAMP has the potential to break the cycle of litigation and to
make the scientific underpinnings of both BiOps more robust. However, Movants explain that these
advantages cannot be realized without an extension, as the respective agencies cannot dedicate staff to
both efforts (i.e., the remand and the CSAMP) simultaneously.

a. Breaking the Litigation Cycle.

The Court takes judicial notice of the undisputed and undisputable fact that efforts to protect
listed fish species in the Delta have been embroiled in nearly constant litigation for more than a decade.
Movants’ declarants emphasize the counterproductive effects of this state of affairs. Supp. Lohoefener
Decl. q 8 (“[E]ffective collaboration and litigation are fundamentally incompatible. Continued litigation
stalls constructive efforts to improve the health of the Delta and its species.”); Rea Decl. § 7 (“Breaking
this litigation cycle is in the public interest, as we will be able to focus our limited resources in ways that
are most effective for the short and long-term protection of [ESA] listed species.”). Movants believe that
greater collaboration in the development of scientific information related to these species will reduce the
likelihood of further litigation in the future. There is some evidence to support this belief. For example,
Mr. Lohoefener credits “increased communication between the formerly adversarial parties [that]
occurred this winter” for the fact that “[d]espite the fact that exports have been constrained to low levels
from mid-December 2012 through mid-February 2013, no litigation has ensued.” Supp. Lohoefener

Decl. § 5.

time” after these new circumstances came about.
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However, as Defendant-Intervenors point out, no party has committed to refraining from seeking

interim injunctive relief against the implementation of the BiOps’ RPAs during any extended remand
period. See Smelt Doc. 1093 at 2; Salmon Doc. 734 at 2 (indicating that the CSAMP process allows any
party to pursue injunctive relief during remand).* Therefore, according to Defendant Intervenors, “the
relationship remains adversarial.” Smelt Doc. 1105 at 2. The fact that Defendant Intervenors have not
joined in this motion to extend the remand schedule is evidence that the relevant stakeholders have yet
to resolve many fundamental issues.

Nevertheless, on balance, the Court believes Movants’ interest in pursuing the CSAMP process
represents a solid step away from the pattern of litigation that has burdened the parties in recent years. If
successful in this respect, CSAMP would advance the public interest. The Court is loath to cut off such a
possibility before it is given a chance to develop, especially given the universal and enthusiastic interest
in this approach expressed by all declarants.

b. Advancement of Relevant Science.

One of Movants’ primary arguments in favor of the extension is their belief that the CSAMP
process will “advance[e] the state of scientific understanding,” thereby allowing the BiOps to be “made
more robust.” Rea Decl. 4 9 (discussing NMFS’s work on the salmonid BiOp); see also Supp.
Lohoefener Decl. 9 14 (indicating that while FWS “could issue a new smelt BiOp that meets the ESA’s
best available science requirement according to the existing remand schedule.... ,” CSAMP is a means to
“advance the state of science regarding some of the more contentious fish protective actions”).

Movants’ supplemental filings discuss in general terms the types of issues CSAMP may
endeavor to address in a collaborative manner. Several declarants mention that a particularly fertile area
for collaborative science is model development. Both this Court and multiple peer review bodies have
identified a lack of quantitative life cycle models as a major shortcoming in development of the 2008

Smelt BiOp. San Luis & Delta-Mendota Water Auth. v. Salazar, 760 F. Supp. 2d 855, 881-85 (E.D. Cal.

* Defendant Intervenors also point out that DWR continues to challenge the science underlying the remanded BiOps on
appeal. Smelt Doc. 1105 at 2. The Court does not believe this is indicative of anything other than DWR’s long-standing
disagreement with some of the scientific methods used and C(ir(l)clusions reached in the previous BiOps.
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2010); In re Consol. Salmonid Cases, 791 F. Supp. 2d 802, 834-45 (E.D. Cal. 2011); Supp. Lohoefener

Decl. q 16. Mr. Lohoefener indicates that CSAMP “offers the opportunity to work with the parties to use
existing models that they have developed and to further develop those and other models.” Supp.
Lohoefener Decl. q 16. Likewise, Dr. Michael Schiewe, a fish biologist formerly employed by NMFS
and now retained as a consultant by the agency, believes that a three-year extension will permit NMFS a
much better opportunity to take advantage of a salmonid life cycle model currently being developed by
NFMS. Schiewe Decl., Doc. 1101-4, 9 22 (“[D]eveloping quantitative life cycle models is an iterative
process that involves testing and validating ... over multiple generations and years. I would expect each
additional year made available by the 3-year extension to significantly improve the utility of the
[NMFS] model. This is especially the case in the first few years after a new model is released.”). Dr.
Schiewe believes that “[p]erhaps more relevant to the specific question of improving Delta survival of
salmonids” is the development of a behavioral model that will help predict how migrating juvenile
salmon will respond to Delta conditions. Id. at § 23. This issue was litigated extensively in connection
with the 2009 Salmonid BiOp. See Consol. Salmonid Cases, 791 F. Supp. 2d at 899-904. Dr. Schiewe
states that a three-year extension will provide time to begin development of a suite of models designed
to better predict the effects of Delta operations on salmon migration behavior and survival. Id. at §24.

CSAMP is also anticipated to benefit the development of actions to protect spawning delta smelt
and their progeny. Supp. Lohoefener Decl. 9 18. It is believed that smelt populations may move in
response to changing turbidity conditions. See San Luis, 760 F. Supp. 2d at 923-24. Models of the
movement of turbid zones and smelt responses to local hydrology may help to inform how the Delta
should be operated to minimize smelt entrainment in the State and Federal pumping facilities. See Supp.
Lohoefener Decl. 9 18.

CSAMP does seem to offer a potential mechanism to advance collaboratively scientific
understanding in areas that have previously been the subject of intense dispute. Defendant Intervenors
do not refute this. Rather, they argue that it is unlawful to delay the remand process in order to seek

additional studies or information. In support of this proposition, Defendant Intervenors cite a previous
11
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decision in the Consolidated Delta Smelt Cases, San Luis, 760 F. Supp. 2d at 871, which in turn relied

upon Center for Biological Diversity v. Rumsfeld, 198 F. Supp. 2d 1139, 1154-56 (D. Ariz. 2002), for
the general rule that “[a] decision about jeopardy must be made based on the best science available at the
time of the decision; the agency cannot wait for or promise future studies.”

A close examination of Rumsfeld reveals that it should not serve as a bar to the requested
extension. Rumsfeld concerned a biological opinion that concluded the Army’s continued operations at
Fort Huachuca, Arizona would not cause jeopardy to listed species that relied on flows from the Upper
San Pedro River, even though rapid development in the area and uncontrolled groundwater pumping at
the Fort posed threats to the species. See generally id. at 1143-44. The “no jeopardy” finding was
premised on several required mitigation measures. First, the Army had to develop and implement an on-
base plan to protect and maintain populations of listed species and habitats, id. at 1148, although the on-
base plan was not designed to address the underlying problem of diminishing flows in the San Pedro
River, see id. at 1153. Second, the Army was required to develop a regional water resources plan,
sufficient to maintain flows in the San Pedro River to sustain the protected species and their habitats. Id.
at 1148. The biological opinion acknowledged that the Army had no authority over the implementation
of the regional plan and was only required to participate along with other stakeholders. Id. at 1153.
Third, the Army had to monitor progress and report on the implementation of the various projects. Id. at
1149. Fourth, the biological opinion assumed the operation of a water recharge facility designed to
temporarily delay the impact of groundwater overdraft, which the Rumsfeld court acknowledged was
“subject to substantial uncertainty.” Id. at 1145. Rumsfeld found it unlawful for FWS to “sidestep[] its
obligation to make an accurate ‘no jeopardy’ decision based on the best available evidence” by seeking
to assign this responsibility to other stakeholders through the requirement that they develop a regional
water resources plan.

Movants’ interest in further developing the relevant body of science in a collaborative manner
during an extended remand is distinguishable from the situation in Rumsfeld. Rumsfeld concerned an

unlawful “no jeopardy” determination that permitted development activities to proceed on the uncertain
12
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promise of future corrective action. Here, in contrast, the agencies seek to delay making a decision as to

the existence of jeopardy and/or any required mitigation measures in order to develop better scientific
information. Movants are trying to make a more robust (and possibly less contentious) jeopardy
determination. The Court is unaware of any authority that prohibits affording agency decision makers a
reasonable amount of time to engage in such a process.

c. Inability to Pursue CSAMP and Current Remand Schedules Simultaneously.

The final piece of Movants’ public interest argument is their assertion that the parties cannot
pursue CSAMP while simultaneously working to complete new BiOps according to the existing remand
schedule. This is because CSAMP and the remand processes would involve largely the same key staff
members from the state and federal agencies. See Supp. Lohoefener Decl., 9 11-12; Rea Decl. at § 8
(“If the Court does not grant the requested extension, NMFS will adhere to the schedule previously
ordered ... but will be unable to commit to the CSAMP process),  31.°

Although Defendant Intervenors are correct that “insufficient” funding is generally not
considered a valid justification for delaying compliance with the ESA, see Ctr. for Biological Diversity
v. Norton, 304 F. Supp. 2d 1174, 1179-80 (D. Ariz. 2003), the situation here cannot be fixed by merely
reallocating funds and/or staff. As Deputy Assistant Secretary of the Interior Sobeck indicates: “Adding
inexperienced or new staff will not significantly expand the agencies’ capacity to undertake all of theses
efforts at the same time.” Sobeck Decl. at § 8.

d. Implementation of the RPAs during the Remand Period.

The Court is mindful of Defendant Intervenors’ concern that recent filings suggest intent to use
CSAMP to modify and refine the BiOps’ RPA actions. See, e.g., Smelt Doc. 1080-1 at 3 (“The RPAs
will be evaluated and refined through the collaborative science and adaptive management program and

may be modified through administrative action or judicial approval as appropriate.”). As all parties are

> Movants also note that the ongoing remand/consultation process is preventing agency staff from fully participating in other,
ongoing collaborative efforts, including the BDCP. While this arguably is detrimental to the public interest, this has not been
considered in the public interest calculus because, as was discussed in this Court’s January 30, 2013 Order, Smelt Doc. 1098,
the possibility of simultaneously pursuing reconsultation and the BDCP was at least partially anticipated by the relevant
agencies prior to entry of the judgments in these cases. 13
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undoubtedly aware, the existing BiOps have not been vacated. Any “modifications” to the RPAs must

be made consistent with procedures required by law. Absent lawful modifications,® the CVP and SWP
are required to operate in compliance with the existing RPAs. Defendant Intervenors’ fears that the
protections of the BiOps will be weakened will not come to pass. With this in mind, any delay
engendered by pursuit of CSAMP process poses no additional, independent threat to the continued
existence of the species covered by the BiOps.

In sum, allowing CSAMP to proceed has the potential to advance significantly the public
interest, while proceeding on the current schedule appears likely to reverse recent moves designed to
steer the parties away from endless litigation, which has been extraordinarily burdensome on the parties
and the Court.

3. Suitably Tailored.

The remaining question is whether the proposed modification is “suitably tailored” to the
changed factual conditions. See Asarco, 430 F.3d 979 (citing Rufo, 502 U.S. at 391). Movants have
generally explained why the CSAMP needs three years to bear fruit, see Rea Decl. 4 18-24, and that “it
makes sense to pursue that effort” before proceeding in earnest with the remand, Sobeck Decl. § 8.

NFMS provides a somewhat more specific timeline describing target dates for CSAMP and
incorporation of its results into the consultation process. Rea Decl. at Ex. 3. According to this timeline, it
will take until January 1, 2014 for CSAMP to form and develop key questions and experimental designs.
Id. This will be followed by two years during which scientific experiments will be performed and those
experiments will be analyzed and written up. Id. The close of the first year of scientific research is
targeted for June 30, 2015, with the second year closing on June 30, 2016. Id. Reclamation (the action
agency) will integrate the results of this scientific work into the its “consultation package,” which may
take the form of a biological assessment, to be transmitted to NMFS by the end of 2015, after which
NMEFS anticipates it will take slightly more than three additional years to complete its own work on a

biological opinion, which it anticipates will issue February 1, 2019. See id.

% The Court does not, at this time, express any opinion as to how such modifications might be accomplished.
1
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The Court has not located an equivalent timeline for an adjusted Smelt remand, but presumes that

the target dates Ms. Rea provides for the CSAMP are universally applicable. Obviously, the timing of
integration of any research produced by CSAMP would differ in the smelt case, as the extension they are
requesting will extend the current deadline of December 2013 to December 2016, rather than early
2019.

Because the CSAMP process has not yet begun and its exact processes are to be developed in a
collaborative manner, Movants are unable at this time to provide details of the CSAMP process, what it
is likely to accomplish, and how those accomplishments will be brought to bear on the respective
consultation processes. See Sobeck Decl. q 14. This lack of detail provides the Court with little
assurance that CSAMP will proceed as envisioned, let alone that CSAMP will actually result in
scientific progress, as opposed to “collaborative” gridlock. Therefore, rather than granting Movants a
three-year blank check, during which time CSAMP could stagnate or entirely fall apart, the Court will
grant a staged extension as described below.

I1I. CONCLUSION AND ORDER

Given that the CSAMP is targeted to form and develop key questions and experimental designs
by January 1, 2014, approximately nine months from now, all deadlines in both the Smelt and Salmonid
cases are extended by one year. On or before February 15, 2014, the parties shall submit a joint status
report to the Court detailing progress that has been made in connection with the CSAMP as well as
providing additional information about CSAMP’s future activities and how any results will be
incorporated into the consultation processes. As part of any such submission, the Court expects to see
detailed schedules describing how CSAMP and the consultation processes in both cases will proceed.
Concurrent with the filing of the joint status report, the Court will entertain a request to extend the

remand schedule by an additional year, with the understanding that if substantial progress has been made

"It is notable that FWS already has completed and transmitted to Reclamation a draft revised Smelt BiOp, see Smelt Doc.
1069, and Reclamation has begun the related scoping process under NEPA, see 77 Fed. Reg. 18,858 (Mar. 28, 2012).
Nevertheless, FWS’s Mr. Lohoefener is concerned that issuing the BiOp according to the current schedule does not leave
sufficient time to build consensus and “stakeholder buy-in” and therefore “will lead to further litigation.” Supp. Lohoefener
Decl. 4 9. According to Deputy Assistant Secretary Sobeck, this will “send all parties back to their litigation corners, which
will severely limit further efforts at collaboration” and “will noSt help foster long-term solutions.” Sobeck Decl. 9 6.
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along the lines outlined by Movants, such an extension will be granted. The opposite is equally true. If

substantial progress has not been made, further extensions will be nonexistent. Extension of the

deadlines by a third year will require a similar showing at the end of the second year.

IT IS SO ORDERED.

Dated: April 9, 2013 /s/ Lawrence J. O’Neill
UNITED STATES DISTRICT JUDGE

16
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Active participants in the SDSRC Science Working Group

California Department of Fish and Wildlife
Alice Low

California Department of Water Resources
Michael Cane

Kevin Clark

Louise Conrad

Brett Harvey

Jacob McQuirk

Javier Miranda

Consultants

Brad Cavallo, Cramer Fish Sciences, representing the state water contractors
Sheila Greene, Westlands Water District, representing the federal water contractors
Chuck Hanson, Hanson Environmental, representing the state water contractors
Mike Schiewe, AnchorQEA, representing NMFS

Mike Harty, Kearns & West, facilitator

Delta Stewardship Council
Sam Harader
Matt Holland

National Marine Fisheries Service
Barbara Byrne
Jeff Stuart

NOAA Southwest Fisheries Science Center (Santa Cruz)
Sean Hayes
Steve Lindley

Reclamation
Josh Israel

U.S. Fish and Wildlife Service
Pat Brandes
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Studies that are “recently completed, underway or planned” which will add
to the Department’s understanding of project operational impacts on listed
fish and inform remanded BiOps

Studies Recently Completed with Reports Pending

1. 2012 Stipulation Study (Steelhead)

The 2012 Stipulation Study monitored the movement patterns and survival of
acoustically tagged steelhead released during April and May in tidal reaches of the
San Joaquin River downstream of Stockton and in channels leading into the interior
Delta. In addition to providing information about the effects of Old and Middle River
(OMR) flows on route selection and survival of steelhead in the South Delta, the
stipulation study piloted an alternative approach to manage water export risks to
ESA listed salmonids. A report describing this study, analyzing the resulting data
and assessing the effectiveness of the study as an operations management tool will
be completed by December 2013.

2. Barrier Studies at Georgiana Slough (Salmon)

A full-scale field study of a non-physical barrier (NPB) at Georgiana Slough was
completed in 2011 and 2012. The study was conducted at the divergence of
Georgiana Slough from the Sacramento River. This study is consistent with RPA
Action 1V.1.3, and was completed to investigate potential engineering solutions to
reduce the diversion of emigrating juvenile salmonids to the interior and southern
Delta. This non-physical barrier utilized bio-acoustic fish fence™ (BAFF)
technology; which combines acoustics and a strobe-lit sheet of bubbles to create an
underwater wall of light and sound intended to repel juvenile Chinook salmon and
discourage out-migrating salmon smolts from entering Georgiana Slough. The
objective is to keep the smolts in the Sacramento River system where their chance
of survival is considered greater.

The results of the 2011 work suggest this technology was effective at providing a
2/3 reduction in juvenile salmon entrainment into Georgiana Slough. The final report
on the 2011 study is complete. 2012 data is being processed and analyzed, but
preliminary analyses suggest a measureable reduction in entrainment in 2012 as
well. A final 2012 report will be available in spring 2013. 2011 and 2012 had very
different hydrological conditions thus allowing evaluations of barrier effectiveness
under a wide range of flows. These results are important for understanding the
utility of this specific technology; however, one of the most important things that was
observed in the 2011 and 2012 GSNPB studies was that the across-river fish
distribution and local hydrodynamics are the major controlling factors for juvenile
salmon route selection. In 2011, and it appears that 2012 analysis will support this
as well, the efficiency of the BAFF was primarily explained by one or both of these
factors.

Rather than a BAFF, there may be simpler and less expensive ways to alter
across-river fish distributions that will prevent fish from being entrained in Georgiana

1
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Slough. Floating guidance wall structures have been used with some success in the
Pacific Northwest area, and we believe they may offer a relatively simple solution for
altering fish distributions that from a bulk flow perspective is flow neutral.

Based on the analyses and observations of the 2011 and 2012 studies, we
hypothesize that by manipulating the distribution of fish prior to the fish entering a
junction their route selection can be manipulated. By then properly selecting the
junctions to perform this manipulation, an engineering solution will lead to an
increase in population level survival through the delta. This hypothesis would
require field testing. A third study to test this hypothesis at Georgiana Slough is
being considered, but has not been approved, for 2014. This study would look at a
new technology to deter fish from Georgiana Slough as well as further evaluate
route entrainment and reach specific survival. Results from a 2014 study would not
be available for scientific review until late 2015.

. Divergence Hydrodynamics (Basic hydrodynamic information, not fish specific.)

Detailed hydrodynamic measurements using stationary Acoustic Doppler Current
Profilers (ADCP) were completed in 2011 and 2012 at Georgiana Slough and in
2012 at the Head of Old River. These measurements and analysis of the related
data provide detailed hydrodynamic mapping of the areas. This work is essential to
both understanding fish movement and flow dynamics. This work would also serve
to calibrate multi-dimensional computational fluid dynamic models. The multi-
dimensional computational fluid dynamic models can be combined with individual-
based fish behavior models to better understand fish behavior under different
hydrodynamic conditions and would be valuable for analyzing planned project
alternatives.

DWR is preparing a contract with the US Army Corps of Engineers to be
executed in 2013 to model engineering solutions like the BAFF at various Delta
locations including the Head of Old River and Georgiana Slough. Also, a proposal to
collect hydrodynamic data at the divergences described in the NMFS BiOp RPA
Action 1V.1.3 is being considered by Reclamation and would be conducted by
USGS. ADCP’s would be deployed at the divergences and complete velocity field
data would be collected to better understand divergence hydraulics.

. Develop Screen Criteria (Sturgeon)

Reclamation directed a series of laboratory experiments through UCD to
determine the swimming performance and behavior of young green sturgeon and
white sturgeon, including effects of positive barriers (screens), passive barriers
(louvers), and behavioral deterrent devices (near-field vibrations and strobe-light
flashes). Data is currently being analyzed and a report should be drafted soon
afterward.
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5. Collection, Handling, Transportation and Release (CHTR) Studies

The CHTR studies are a collective group of Interagency Ecological Program
coordinated studies collaboratively conducted by DFW, DWR, Reclamation, and
UCD with the intent of evaluating the survival of listed fish, specifically delta smelt,
through the CHTR phase of the salvage process. The goal of these studies is to
document existing conditions and fish survival through the CHTR phase, while
developing recommendations for improving or modernizing the process to increase
survival. Results from these studies will aid with assessing the effects of the fish
salvage process on delta smelt and other sensitive fish species. Experimentation
and data collection for these various studies was conducted from 2004 through
2008.

In 2010, DWR published two technical reports describing the effects of the
“‘Release” phase including (1) salvaged fish injury and mortality and (2)release site
predation. Three more reports (all in final review) are expected from DFW in 2013
including:

o Stress response of delta smelt in the CHTR phase of the fish salvage
process

o Acute mortality and injury of delta smelt associated with the CHTR phase
of the fish salvage process

o Fish Predation in the CHTR phase of the fish salvage process.

6. Head of Old River Fish Studies
A temporary rock barrier is historically installed in the spring at the Head of Old
River (HOR) at the confluence of the San Joaquin River. Installation of the physical
barrier was prohibited by court order in 2008 because it reduces flow in Old River
which increases reverse flows in the central Delta. Reverse flows are considered a
threat to Delta smelt due to an increased probability of entrainment in the south
Delta CVP and SWP pumping facilities.

In 2009 and 2010, DWR worked in coordination with the San Joaquin River
Group Authority and the US Bureau of Reclamation (Reclamation) to design,
implement and monitor a non-physical barrier or Bio Acoustic Fish Fence (BAFF) at
the HOR. The BAFF was designed to deter salmonids from moving into Old River
without effecting river flows and consequently was considered Delta smelt friendly.
The BAFF was deployed in the San Joaquin River immediately upstream of the
HOR. The 2011 BAFF was not installed due to high San Joaquin River flows.

In 2012, due to criteria under the "Joint Stipulation Regarding CVP and SWP
Operations in 2012" approved by United States District Judge Lawrence J. O'Neill, a
physical rock barrier was installed at the HOR. To address Delta smelt concerns,
more flow in Old River was provided by installing additional culverts in the rock
barrier.

For many years, tagged fish studies have been conducted at the HOR to monitor
the effectiveness of the non-physical barrier and the physical rock barrier in keeping
out-migrating salmon in the main stem of the San Joaquin River rather than entering
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Old River. In 2011 and 2012 detailed studies of predatory fish behavior were
conducted at the HOR. Data on the abundance, distribution, and composition of
predatory fish as well as the two-dimensional movement of salmonid smolts and
predatory fish has been collected. A comprehensive analysis of the 2009-2012
salmonid and predator studies conducted at the HOR and a synthesis report is being
prepared by consultants under contract to DWR. The final synthesis report is
expected in late 2013.

In 2013, a predatory fish study is planned which will look at predatory fish
composition, diet, and movement through Reclamation’s extensive 6-Year Steelhead
Study acoustic monitoring network. AECOM Technical Services, Inc. (AECOM) and
subcontractor Fisheries Foundation of California will conduct the 2013 study of
predatory fish at the HOR under a DWR contract. This work is being completed in
coordination and partnership with the Reclamation and NMFS. Fisheries Foundation
of California will collect predatory fish data, capture predatory fish, and acoustically
tag up to 30 predatory fish. This field work will take place on the San Joaquin River
and Old River in the vicinity of the HOR. AECOM will manage the work, prepare the
technical deliverables, and procure required equipment.

The objectives of this study are:

o Procure required acoustic tags and associated equipment.

o Capture predatory fish, collect related data, and acoustically tag predatory fish as
directed by DWR and in coordination with Reclamation’s 6-Year Steelhead
Study.

o Prepare a technical report summarizing efforts, delivering data, and providing
recommendations for application and integration of data and any future study
recommendations.

A report summarizing the 2013 work in will be available in late 2013.

Studies Underway

7. San Joaquin Fall-run Salmon Outmigration (Salmon)

Outmigrating fall-run salmon are monitored as they migrate down the San
Joaquin River, past the divergence with Old River and other distributaries, to
eventually reach the junction with the Sacramento River at Chipps Island. These
studies were initiated in 2000 as part of the Vernalis Adaptive Management Plan
(VAMP), a large-scale, long term (12-year), experimental-management program
designed to protect juvenile Chinook salmon migrating from the San Joaquin River
through the Sacramento-San Joaquin Delta.

Salmon survival studies were conducted using Coded Wire Tags from 2000-2006
and Acoustic Tags from 2007-2011. The HORB was not installed in 2005, 2006,
2008 and 2011 and a non-physical barrier (Bio-Acoustic Fish Fence) was tested and
used in 2009 and 2010. The VAMP ended in 2011 but annual outmigration
monitoring occurred in 2012 and will be conducted in 2013.
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Recent analysis of the data concludes that survival of outmigrating fall-run
salmon through the Delta is better if they are salvaged at the facilities at the CVP
Jones Pumping Plant and trucked and released at the release sites near the western
edge of the Delta.

8. Six Year Acoustic Taqging Study (Steelhead)

This study will assess behavior of outmigrating salmonids in lower San Joaquin
River and the Delta. The Temporary Barriers Study (TBS) and the Six Year Acoustic
Tagging Study (SYAT) were combined in 2011 and DWR staff served as the project
lead for the TBS. In 2012, TBS and SYAT were managed as two distinct projects
with staff providing technical assistance to the federal project lead (Bureau of
Reclamation). The following goals for the SYAT however, were consistent for both
2011 and 2012:

o Determine survival of emigrating smolts from tributaries into mainstem of
San Joaquin River, the mainstem San Joaquin River downstream into the
Delta, and the Delta to Chipps Island.

o Reach specific mortality and/or export loss of tagged fish.

o Determine influence of flow and exports on survival and route entrainment
in these migratory reaches.

o Test effectiveness of experimental technologies on route entrainment and
selection by tagged fish.

o Year 6 of this study is in Spring 2016

9. Real Time Coded Wire Tag (CWT) Monitoring (Salmonids)

This monitoring is designed to provide real-time processing of salmon salvaged
at the Skinner Fish Facility to improve in-season management of salmonids and
SWP operations. Staff successfully implemented real-time processing of CWT
salmon salvaged at the Skinner Fish Facility. The data from the extracted tags is
used to inform in-season management and State Water Project water operations.

10.Skinner Evaluations/Improvements (Salmonids, sturgeon & longfin smelt)

The goal of this project is to evaluate the salvage efficiency and performance of
the Skinner Fish Facility for listed salmonids and sturgeon, and to maximize salvage
and survival of longfin smelt. The results of studies and evaluations will be used to
develop and implement improvements to the facility infrastructure and operational
procedures. Goals include 1) Developing estimates for salvage efficiency of
steelhead and various size classes of Chinook salmon during FY 12-13 through
FY15-16; 2) Evaluating predator management practices within the facility during FY
13-14 though FY 15-16; 3) Evaluating methods for improving smelt survival through
salvage during FY 11-12 to 15-16; and 4) implementing recommended
improvements in a timely manner based on the results of the aforementioned
evaluations. This project is intended to comply with the requirements outlined in
NMFS RPA Action IV.4.2, IV.4.3, NMFS T&C2a, and DFG ITP6.2.1 and 8.5.

2011-2012 Accomplishments
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o In collaboration with DFW, developed a revised draft report examining the
stress response of delta smelt in the Collection, Handling, Transport, and
Release (CHTR) process at the Skinner Fish Facility.

o Conducted 6 additional releases of tagged fish at the Skinner Fish Facility
to improve preliminary estimates of salvage efficiency for late-fall run
(winter run surrogate) Chinook salmon and to refine study methods for a
full scale evaluation.

o Initiated planning to implement improvements to the Skinner Fish Facility
based on the recommendations of the CHTR reports including
procurement of new buckets, improvements to the debris conveyor, and
improvements to the holding tanks.

o Coordinated with Reclamation, NMFS, Cramer Fish Sciences, and other
DWR staff to conduct a sensitivity analysis on the loss equation developed
by a NMFS consultant in 2011. The results of the sensitivity analysis will
be used to prioritize research activities at the facilities

11.DIDSON Studies of Adult Green Sturgeon (Sturgeon)

The DIDSON studies examine passage success, distribution, habitat usage,
residence time and the influences of environmental variables (i.e., flow, temperature,
substrate and depth). In the upper Sacramento River and the lower Feather River,
the DIDSON is used to estimate the annual abundance of adult green sturgeon. The
studies also help determine if there are adult migration barriers and determine
potential spawning grounds which can be target areas for egg and larval surveys.
DIDSON studies are also being conducting in the Yolo Bypass to evaluate sturgeon
stranding within the major ponds of the floodplain and to determine which flow
stages influence migration into and out of the system. These studies can provide
data to make management decisions concerning future monitoring programs,
operational changes to the water projects, and habitat enhancement needs and
modifications (i.e., Fremont Weir).

12.Sturgeon Acoustic Taqging Studies (Sturgeon)

These projects provide presence, movement, and general habitat-use
information for sturgeon in the various Central Valley river systems and the Yolo and
Sutter Bypasses. Acoustic tagging data which addresses both temporal and spatial
information such as holding, migration, and spawning behavior for sturgeon will help
identify key habitat features and better document factors inhibiting accessibility to
upstream habitats (e.g. flow regime, passage barriers). Current and future tagging
projects in the Sacramento and the San Joaquin river basins and the bypasses will
focus on a more detailed investigation of habitat use which can be used to guide
habitat restoration and management efforts.

13.Juvenile Green Sturgeon Movements and ldentification of Critical Rearing
Habitat (Sturgeon)
Reclamation directs a study by UCD to determine the rearing habitat of juvenile
green sturgeon within the river, delta and bay. Acoustic telemetry will be used to
record their movements and periods of residence within different regions, some of
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which are natural and others that are altered by the construction of levees and
disposal of dredging materials. This information can be used for restoration and for
water operations management decisions.

14.Laboratory Studies (Sturgeon)

UC Davis has multiple lab studies being conducted and analyzed through 2013
that would provide additional information that has bearing on project effects on green
sturgeon. They include: 1) juvenile green sturgeon temperature and salinity
preference; 2) larval and juvenile sturgeon fish screen and louver experiments; 3)
incision suture type/method effects on sturgeons; 4) sturgeon swimming energetics;
5) unscreened diversion effects on larval and juvenile sturgeons; and 6) downstream
displacement velocity versus substrate experiments. Investigations of life history and
contaminant effects on white sturgeon in the Sacramento-San Joaquin Bay-Delta,
conducted by the University of Georgia, will provide baseline date for feasibility of
age and growth study with non-lethal sampling. The contaminants survey may lead
to hypothesis testing for the effects of certain contaminants on sturgeon growth,
development, behavior, and reproduction.

15.Linking habitat to native fish predation in the North Delta (Salmon, steelhead,
delta smelt, longfin smelt)

This project examines predator consumption rates of native fish species,
including Chinook salmon, steelhead, delta smelt, and longfin smelt, across
seasons, habitats and regions of the North Delta. Predatory fishes (largemouth bass,
Sacramento pikeminnow, smallmouth bass, spotted bass, and striped bass) are
caught via trammel netting and their stomach contents are subjected to highly
sensitive genetic assays to determine presence of target prey species’ DNA. The
data will be used in conjunction with the Delta Passage Model (Cramer Fish
Sciences) to estimate and compare consumption rates of winter, spring, and fall run
Chinook salmon across migration routes of the North Delta. Fieldwork for this project
began in December 2012 and will continue in the months of December, April, and
June through June of 2014. Data analyses and reports will be completed in January
2015. This information will be informative to habitat characteristics and features that
may attract predators and should be avoided in future restoration projects. It will also
highlight potential corridors that may be problematic for salmon migration through
the North Delta.

16.Evaluation of juvenile Chinook salmon use of the Yolo Bypass (Chinook
salmon)

This study builds on research and monitoring work in the Yolo Bypass that has
been in place since 1998. This research has already shown improved survival and
growth rates of juvenile salmon that rear in the Yolo Bypass during inundation and
current work will update and build upon past analyses. In addition, this study makes
use of recent progress in telemetry, genetic, and isotopic tools to generate more
information about how salmon use the Yolo Bypass. Four avenues of study will
generate information that can be used specifically for Yolo Bypass restoration plans:
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o Analysis of historical data of Yolo Bypass food web and Chinook salmon
use of the Bypass. These analyses will include evaluation of factors
affecting growth, residence time, and survival of Chinook salmon in the
Yolo Bypass. A synthesis of empirical and modeled data will examine
potential thresholds for flow and/or inundation period that support
enhanced productivity and food web response on the floodplain.

o Run composition of juvenile Chinook sampled in the Yolo Bypass and
Sacramento River will be compared using genetic analyses.

o Juvenile salmon (hatchery origin) residence time and survival will be
assessed using acoustic telemetry.

o The potential for a unique isotopic signature of residence in the Yolo
Bypass will be investigated. If a unique signature is present, many
retrospective analyses will be possible to compare survival (e.g., adult
return rates, smolt emigration rates) and growth of fish in the Yolo Bypass
and main river channels.

This study began in February of 2012. Reports will be completed by January 2015.

Studies Planned

17.Clifton Court Forebay Predation Studies (Salmonids)

The Clifton Court Forebay (CCF) Predator Study was designed in 2011 to gather
as much information as possible, pre- and post installation of the proposed CCF
Fishing Facility. Project implementation will begin with a pilot study in spring 2013
(approximately two years prior to the construction of the CCF Fishing Facility), and
continue through the end of 2017. This will allow the behavior and population
demographics of predatory fish and birds, and salmonid survival to be more
thoroughly documented, and can be used to evaluate the impacts of the CCF
Fishing Facility on fish populations, pre-screen loss and predator-prey dynamics.
Results of these studies can also guide future management decisions to assist in
further reducing pre-screen loss at CCF.

18.Green Sturgeon Laboratory Studies (Sturgeon)

This study will examine juvenile green sturgeon swimming behavior near louvers
and screens in order to improve their survival at the Skinner Fish Facility. (NMFS
IV.4) Staff continues to collaborate with DFW, USBR, and NMFS in determining an
appropriate surrogate for the green sturgeon and how to best implement the
study(ies). The goals of the current study are to:

o Determine the time spent in different sections of the flume to assess the
fish’s response to screens and louvers.

o Determine the frequency of contact or impingement on the screens and
louvers.

o Determine the passage rate of sturgeon through or past the louver array.

19.Gut Evacuation Study (Salmon and steelhead)
This study will collect data on the rate at which striped bass digestively pass
acoustic tags that were inside predated salmon. This information will assist
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researchers with evaluation and interpretation of data on survival and movement of
salmon and steelhead throughout the Central Valley of California, with probable
application to other systems. Staff is in the process of developing a study plan and
implementation is scheduled for 2013. The goals of the study are to:

o Assist researchers in evaluating and interpreting data on survival and
movement of salmon and steelhead throughout the Central Valley of
California by monitoring acoustically tagged salmon.

o Quantify the rate at which striped bass digestively pass acoustic tags that
were inside predated Chinook salmon and steelhead.

o Evaluate the role of fish size with respect to the rate at which striped bass
digestively pass acoustic tags that were inside predated Chinook salmon
and steelhead.

o Evaluate the role of water temperature with respect to the rate at which
striped bass digestively pass acoustic tags that were inside Chinook
salmon and steelhead.

20.Fish Release Site Predation Monitoring (All salvaged fish, action is directed by
NMFS BO.)

This project is to evaluate and document the predation reduction and/or
improvements to salvaged fish survival attained with construction of new release
sites and modified fish release operations. The goals of this project include: 1)
Collecting baseline information on the abundance of predatory fishes at or near the
location of proposed new salvaged fish release sites; 2) Evaluating the efficacy of
improvements to the Curtis Landing Release Site infrastructure to ensure complete
pipe flushing and other operational parameters; 3) Evaluating the predation
reduction and/or changes in salvaged fish survival due to construction of two new
release sites. This project is intended to comply with the requirements outlined in
NMFS RPA Action IV.4.3. This project is the monitoring component of the Curtis
Landing Fish Release Site Modification and New Release Site Projects. Itis
contingent upon modifications to the Curtis Landing Fish Release Site and
construction of two new release sites.

The implementation schedule (based on the current estimate for construction

activities) is:
o Monitoring Plan Development FY 2014/2015
o Curtis Landing Evaluations FY 2014/2015
o Baseline Monitoring FY 2015/2016
o Post-construction Monitoring FY 2016/2017 through

FY 2017/2018

21.2013-2015 Predator Manipulation Study (Salmonids)

NMFS has proposed to quantify and manipulate predator densities at the HOR to
evaluate the effects on juvenile salmonid survival. DWR has agreed to fund the
work and facilitate a multi-agency team to plan and develop the study beginning with
preliminary planning and field surveys in 2013 followed by full studies in 2014 and
2015. The study will test the hypothesis that predation is a major factor contributing
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to the observed low survival of juvenile salmonids in the south Delta. Final results of
the study will not be available until 2016.

22.Contaminants, Age, and Growth Study for Sturgeon_ (Sturgeon)

The purpose of these studies is to identify the effects of contaminants on
sturgeon populations, assess current age-and-growth characteristics, identify
spawning and rearing locations, and spawning periodicity of white sturgeon. Effects
of contaminants on sturgeon and habitat use information will assist with focusing
future restoration actions for sturgeon in the San Joaquin River and the Sacramento-
San Joaquin Delta. Habitat restoration actions designed for white sturgeon are likely
to provide benefit for green sturgeon as well. These studies are expected to be
conducted through 2015.

23.Factors affecting Mississippi silverside predation of larval smelt (delta smelt)
Mississippi silverside are known predators of larval delta smelt and are
increasingly abundant in the Delta; however, the extent of their impact on the smelt
population is unknown. This study will examine the threat of silversides as predators
from several angles:

o Retrospective analyses of factors influencing the distribution and
abundance of silversides in the Delta since their original invasion in the
mid-1970s.

o Complete analysis of silverside diet composition in Liberty Island, a known
haven for delta smelt that also has high and consistent silverside
abundance.

o Bioenergetic model of silverside consumption of larval delta smelt in
Liberty Island

o Laboratory experiments to determine the influence of increasing turbidity
on silverside predation rates on larval smelt. Prior fieldwork has indicated
lower incidence of predation as turbidity increases, but laboratory trials are
necessary to determine turbidity levels at which predator efficiency is
affected.

This study will begin in May 2013 and will be completed by June of 2014. The
information can be used to evaluate Liberty Island as a potential model for restored
freshwater habitat targeted for delta smelt nursery habitat, as well as inform
restoration planners as to environmental factors that may encourage high silverside
abundance and larval smelt predation.

24.Yolo Bypass Knaggs Ranch Experimental Agricultural Floodplain (Chinook
salmon)

This project will evaluate the use of a managed, agricultural floodplain as
seasonal habitat for Chinook salmon. Dual use of land for agriculture and wildlife
habitat is a possible scenario for meeting salmon habitat restoration requirements of
the NMFS BO, but the habitat value of agricultural land needs to be evaluated. This
project will take place on the Knaggs Ranch property in the Yolo Bypass and will
compare juvenile salmon survival and growth rates between fallow, rice stubble, and
disked land. Approximately 50,000 coded-wire-tagged, hatchery origin fish (Feather

10
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River Hatchery) will be planted in a series of 2-acre fields containing one of the three
possible substrates. For comparison purposes, paired releases, also of 50,000 fish,
will be carried out in the Sacramento River and Yolo Bypass Tule Canal. This will
allow a comparison of survival to adult return between the three release locations.

In addition, salmon habitat preference will be evaluated by tracking PIT-tagged
juvenile salmon on a smaller field where all three habitat types are available. Finally,
a small group of natural-origin juvenile Chinook will also be planted on the
experimental floodplain in order to compare the growth response between hatchery
and wild fish.

This study is planned for February — April of 2013, with a likelihood of continued
study in subsequent years.

11
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From Brad Cavallo, Cramer Fish Sciences
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From Chuck Hanson, Hanson Environmental
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From Josh Israel, Reclamation
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From Steve Lindley, NOAA Fisheries -- Southwest Fisheries Science Center
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Draft--1 Mar 2013

Template for hypotheses and concept proposals (one-pagers; no more than
two)

Hypothesis: State the hypothesis to be tested.

Background and Purpose: A few sentences (short paragraph at the most) describing the context; what
do we know about the importance of the issue being addressed? What don’t we know and why is it
important? How does it link to our conceptual models?

Experimental Approach: A few sentences about the experimental design and tools (e.g., radio tracking
of smolts in selected reaches varying in distant from the export facilities coupled with fine-scale
hydrodynamic monitoring over multiple tidal cycles).

Methods (including statistical analysis plan): Radio tracking of hatchery smolts, deployment of
hydraulic instrumentation; etc.

Experimental challenges: For example, will special conditions be required that may be difficult to
achieve (e.g., water year, health and safety issues, permits, etc.)

Application of Findings to Management: Do the findings have direct or indirect application or
implications for managing south Delta inflow/export and improving salmonid survival through the Delta?

Technology Transfer: Method of reporting findings and schedule
Other useful information to weave into the narrative:

If site specific, to what degree can the findings be applied generically to a broader area? To
other reaches?

Can the hypothesis be tested by modifying or enhancing an existing study?

Others?
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Predator-prey dynamics in a tidal environment

Jim Anderson (U Washington) and Steve Lindley (NMFS)

Hypothesis: The activity patterns of predators and prey can be understood as the outcome of coupled
games played in the physical setting of the estuary, which is characterized by oscillatory water
movement.

Background and Purpose: Salmon exhibit a diversity of migratory behaviors as they move through
estuaries (defined as the region under tidal influence between the coastal ocean and the river). The
diversity includes moving during the day or night, active swimming or drifting with the tide, and
selective tidal stream transport. Salmon also tend to suffer high mortality in estuaries. Some insights
into the causes of this diversity and mortality might be gained by considering the evolutionary problem
facing salmon—how to move through an unfamiliar and potentially hostile environment that links a
rearing environment advantageous to eggs and small fish (the river) and a feeding environment suitable
for larger fish (the coastal ocean). Salmon smolts will have the best chance of survival upon ocean entry
if they have high energy reserves, but must of course survive the migration. This suggests there are
trade-offs between conserving energy and minimizing predation risk. Estuarine predators have a
different problem—how to acquire food in a dynamic environment. Predators might sit and wait for
prey (conserving energy), or actively search for them (at some higher energetic cost). Which predator
strategy pays best may depend on the behavior of prey, and vice versa. A deeper understanding of
these dynamics should help us predict responses to variations in predator and prey abundance and
identify environmental criteria (residual vs. tidal flow, turbidity, vegetation and other visibility factors,
etc.) that favor predator foraging or prey passage.

Experimental Approach and Methods: We propose using game theory and predator-prey encounter
theory to understand the dynamics of coupled games played by predators and prey. Game theory, in
the context of evolution, seeks to understand behavior as the result of repeated contests between
individuals employing different strategies. An unbeatable strategy (termed an evolutionarily stable
strategy or ESS) is one that renders a population using that strategy immune to invasion by rare mutants
employing a different strategy. Typically, game theory is employed to study the behavior of organisms
within a population. Encounter theory characterizes the probability of predator-prey encounters based
on their movements and environmental conditions.

Our application of game and encounter theories is unusual (unique? need to dig deeper) in that we are
considering two simultaneous and dynamic games where the outcome of one game depends on the
state of the other, and vice versa. In spite of this complexity, in the simplest case, where predators and
prey may drift or hold position according to the tide and illumination level, preliminary analysis suggests
that ESSs may be found analytically. At some point, as complexity is added (more realistic behaviors,
alternative prey, foraging by prey), it may be necessary to move to numerical solutions.

The resulting models will predict behaviors of predators and prey, and prey survival, as a function of the
abundance of predators and prey, turbidity, prevalence of submerged vegetation, the strength of tidal
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and residual velocities, the availability of alternative prey, and the length of the estuary. These
predictions will be compared qualitatively and quantitatively to observed behaviors and survival of
salmon smolts in the San Francisco Bay Delta, the Columbia River and other salmon systems for both
Pacific and Atlantic salmon populations.

Experimental challenges: The proposed study does not rely on any new field work.

Application of Findings to Management: The model will predict the effects on smolt survival of altering
flow regimes, visibility factors, and the abundance of predators and prey, all actions under consideration
by water and fishery managers. We expect to identify environmental criteria favoring predators (high
smolt mortality) and prey (rapid smolt migration and low mortality). We anticipate the study also will
provide insight into predator-prey interactions of other species resident in tidal estuaries such as delta
smelt and longfin smelt.

Establishing effects of environmental conditions on the predator-prey balance will be useful for
identifying locations of predator prey studies and developing efficient and informative tidally-
coordinated monitoring protocols. We anticipate that modifications of ongoing and planned predator-
prey studies will provide evidence to test and refine the model.

Technology Transfer: A paper describing the development of the theory and its testing with data will be
published in a journal such as The American Naturalist. A two-year project period is envisioned.

Other useful information to weave into the narrative:

If site specific, to what degree can the findings be applied generically to a broader area? To
other reaches?

Can the hypothesis be tested by modifying or enhancing an existing study?

Others?
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South Delta Salmon Research Group
Estimating survival through the San Joaquin Delta - Brandes 3/22/13

Hypotheses: Survival through the San Joaquin Delta is the combination of survival in each reach and the
proportion of the population entering each reach (see specific hypotheses by reach below, Appendix 1).
Survival in each reach is a function of travel time and travel time is a function of velocity. Velocity is a
function of flow, exports, tides and channel bathymetry — with the role of each of these variables and
their influence on velocity, different in different channels. Survival is also a function of water
temperature, although it needs to be accounted for, it is not being tested.

The survival in each reach and the proportion of the population in each reach is a function of velocities,
which is the overall effect from flows, exports, tides and channel bathymetry. Velocities define the
habitat and affect residence times that determine survival in each specific reach. We know that
velocities determine the proportion of fish splitting into the various routes of the Delta (SJRGA in press,
Perry, 2010). There is also some evidence that flow increases survival in some reaches (SJRGA in press,
Perry, 2010), and the proportion of the tagged fish that were detected in predators were less in 2011
compared to 2010 (SJRGA in press). We also know that mortality is high in CCFB, outside the CVP, in the
Stockton deepwater ship channel, and between Medford Island and Jersey Point (SJRGA in press). More
data is needed to determine route and reach specific survival throughout the Delta at extremes of flows
and exports to evaluate their effect on travel times and survival and to detect the signal from within the
noise and variability of the environment.

Experimental approach: The experimental approach is a series of nested experiments. The first step is
to measure survival through the Delta (Durham Ferry to Chipps Island) multiple times at different flows
and exports, within a year and for three years (using both acoustic tags and CWT’s). The second step is
to pick specific focus reaches (8) and determine if travel time of acoustically tagged fish within a specific
reach is related to the velocity in the reach. If there is a relationship between travel time and velocity,
the third step would be to determine if there is a relationship between travel time and survival.

Methods: Release four groups of 500, acoustically tagged salmon and steelhead and estimate survival
though the Delta and by reach using the 6 year study acoustic array of receivers throughout the Delta.
Use a VAMP/6 year model framework to estimate reach and route specific survival under a various sets
of hydrodynamic conditions for three years. Release CWT fish at Mossdale and Jersey Point to get
independent estimates of survival through the Delta between Mossdale and Jersey Point. If necessary,
augment sample sizes of acoustic or radio tagged fish released within a reach and potentially add
receivers to estimate travel time within a confined reach. Collect information on water temperature,
velocity, SAV, habitat type and the proportion of detected tags leaving the site in predators as an
estimate of predation within the focused reaches. The criteria for selecting the specific reaches are: 1)
areas of high mortality 2) likely affected by flows and exports 3) likely affected by exports more than
flow 3) likely affected by flows independent of exports. The eight focused reaches include: 1) the
Stockton Deepwater ship channel, 2) Turner Cut, the 3) San Joaquin River between Medford Island and
Jersey Point, 4) in Old River outside the CVP, 5) in Old River outside of CCFB, 6) between Banta Carbona
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and Mossdale and 7) Lathrop to Stockton and 8) Old River to the CVP, SWP and Old River at Hwy 4.
Although it is expected if survival is related to travel time, the relationship will be unique to each specific
reach.

Experimental challenges: The experimental challenge is to be able to detect the export and flow signals
from within the environmental noise. One approach to being able to detect the signal from the noise is
to experiment at flow and export conditions that are on either ends of the extreme or sufficiently
different, while other conditions known to affect survival, but not being evaluated such as water
temperatures, are similar.

Application of findings to management: Information of survival through the Delta is needed to put
whatever information is generated in the nested reach specific survival study into perspective. Not
knowing how a specific reach survival compares to overall survival through the Delta will limit our
understanding and perspective on the more specific reach and route specific survival estimates. Once it
is understood what is responsible for the low survival in the Delta appropriate measures can be adopted
to improve survival.

Technology transfer: information will be written up in reports, and manuscripts. Data will be publically
available. The study will be conducted in multiple years (at least three) and results will be reported
within 12-18 months of the study. An additional report and manuscript will summarize the three years
of data. Also, data from 2011-2013 will be used and added to that obtained in 2014, 2015 and 2016 as
appropriate. A power analyses will be conducted to assure sample sizes are adequate, while assessing
the need to augment sample sizes at release sites downstream to improve the precision. Additional
information from the 2012 stipulation study may also be used to test the hypotheses if possible.
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Appendix 1: Specific hypotheses and potential mechanisms by reach.

Ho: Survival between Durham Ferry and head of Old River is a function of river inflow — The higher
the flow the higher the survival

Potential mechanisms- Higher flows decrease water temperature, increase turbidity, increase migration
rate, dilute pollutants which in turn decreases mortality from time exposure to predation, disease, and
toxics. Higher flows also increase the food supply from floodplains.

Ho: The proportion of fish diverted at HOR (without a barrier) is related to velocity (flows, exports).
The higher the San Joaquin River flow at Vernalis, and the lower the exports, the greater the
proportion of fish that enter the San Joaquin River. At low flows, and at high exports, most of the
flow and fish enter Old River.

Potential mechanism: Fish go with the flow. The higher the flow the further downstream the tidal
prism. At low flows (and consequently further upstream tidal prism) and at higher pumping more water
will enter Old River —thus more fish enter Old River.

Ho: Survival in Old River between the head of Old River and the fish facilities is a function of flow and
exports - as flows and exports increase survival increases in that reach.

Potential mechanisms: Reduced residence time in Old River, higher flow reduces water temperature
and decreases the metabolism of predators, and exports decrease the residence time in Old River.

Ho: Survival from predation is high at the CVP trashracks, just outside the facility.

Potential mechanisms: Predation is high at the CVP trashracks due to regularity of food for predators
and disorientation by juvenile salmonids and other prey items when they encounter the change in
velocities and structures associated with the facility.

Ho: Survival between the CVP and Chipps Island is a function of exports, the higher the velocities the
higher the survival of salvage to some maximum. Also how often fish are trucked back to the Delta
and the condition of the pipes at the release sites affect survival from the CVP to Chipps.

Potential mechanisms are due to shorter residence times through the facility, decreasing predation,
although still high, and increased efficiency of the screens. Also included is loss through the screens
when removed for cleaning, fish getting into the Delta Mendota Canal.

Ho: Survival between the CCFB to SWP and Chipps is close to zero in all cases due to predation
outside of CCFB, and inside CCFB.

Potential mechanisms: Fish don’t make it to the SWP to be salvaged. Increased pumping would
decrease residence time in CCFB and increase survival by some low amount through CCFB. Opening the
gates allow predators to move in and out and result in a concentration of predators residing in CCFB due
to the constant influx of food supply and disorientation of prey moving into CCFB from the main San
Joaquin River.
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Ho: Survival in the San Joaquin River to the Stockton deepwater ship channel is a function of flow, as
flow increases survival increases.

Potential mechanisms: Increased flow increases survival, and exports decrease survival in this reach.
Increased flows move the tidal prism downstream, increases the migration rate, dilutes ammonia from
the Stockton wastewater treatment plant, reduces temperatures, decreases predation due to increased
turbidity and reduced water temperatures.

Ho: Survival from the deepwater ship channel to Turner Cut is a function of flow.

Potential mechanism: Once in the deepwater ship channel survival is a function of travel time.
Increased flows decrease travel time although not as much as upstream.

Ho: Proportion of fish entering Turner Cut, Columbia Cut, Old and Middle Rivers is a function of the
flow entering the channel.

Potential mechanism is from the interaction between flows and tidal cycle and possibly exports and
when the fish reach the channel.

Ho: Survival of fish entering the interior Delta from Turner Cut, Columbia Cut, Old and Middle Rivers
is a low and a function of flows, tides, exports.

Potential mechanism is exports which results in the net flow towards the pumps. The fish follow the
net flow and are delayed or misdirected and do not find their way to the western Delta. They follow the
net flow which takes them to the pumping plants and mortality is high across the Delta to the fish
facilities and many never make it to either the pumping plants or out to Chipps. The increased travel
time across the Delta to the fish facilities or to Chipps increases the residence time of fish trying to
migrate downstream thus increasing the time they are vulnerable to predation and other mortality
factors (agricultural diversions).

Ho: Survival in the San Joaquin River downstream of the deepwater ship channel is a function of how
many fish are diverted into the interior Delta as they migrate downstream and the survival of fish
staying on the mainstem San Joaquin River. Survival in the mainstem is a function of the strength of
the ebb tide relative to the flood tide which is a function of outflow and exports

Potential mechanism: Survival for fish entering the interior Delta is low, because they do not find their
way to Chipps or the fish facilities and are lost to predation due to increased residence time. The survival
on the mainstem San Joaquin River is a function of the strength of the ebb tides (with increased flow
increasing the strength of the ebb tide relative to that of the flood tide).

Survival for fish moving from the mainstem San Joaquin River to the interior Delta at all channels that
connect to the interior Delta is affected by the tides which is a function of how much flow is moving into
the interior Delta. Fish that move into the interior Delta on tidal flows, that encounter net flows towards
the pumps do not move back into the San Joaquin River and the increased residence time in the interior
Delta increases mortality from predation. Without pumping the fish would move back into the
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mainstem San Joaquin River at some point and make it Chipps Island. With pumping they aren’t moving
back into the San Joaquin River or towards Chipps Island once they are diverted into the interior Delta
by the combination of the tide and net flows towards the pumps. Mechanism is increased residence
time with pumping, and more prone to non-native predation as residence time increases. Submerged
aquatic vegetation has increased the habitat for non-native predators, increasing their numbers.
Increased water temperatures have increased the metabolism of predators increasing predation rates,
thus we have a combination of more predators (due to more habitat) and higher predation of those
predators (due to higher water temperatures increasing metabolic rates). Survival is a function of
conditions at the time the fish reach specific junctions as to whether they are diverted into the interior
Delta or stay on the mainstem San Joaquin River. The underlying mechanisms should be similar to those
experienced in the Sacramento River, but will be different in magnitude.



M gaansee 1:09-cv-01053-LJO-BAM Document 747-2 Filed 02/18/14 Page 82 of 194

Diel Migration Patterns and Entrainment into Clifton Court Forebay
Hypothesis:
Ho: Salmonid smolt entrainment into CCFB is not affected by diel cycles.
Background and Purpose:

Research suggests that smolt survival through Clifton Court Fore Bay (CCFB) is extremely low (37%-39%
in USGS, 2009; 26%, Clark et al., 2009; 37%-1%, Gingras, 1997) and that fish entering the interior south
Delta overwhelmingly survive through the delta via salvage (100%, USGS, 2009; 100%, SJRGA, 2010;
92.3%, pers comm. R. Buchanan, 2012). The Tracy Fish Facility (TFF) has no fore bay and, therefore,
smolts that are salvaged at TFF may have higher through-delta rates of survival than smolts travelling
through the SFF. Acoustically tagged Chinook salmon smolts have been shown to be more likely to be
detected on hydrophones during daylight hours (USGS, 2009) which may imply that the smolts migrate
more during the day and hold/ feed at night.

Experimental Approach:

This study should be conduct in conjunction with the 6-year study steelhead releases and VAMP-like
salmon releases, however, additional releases would likely be required. Entrainment of juvenile
salmonids into CCFB would be analyzed to understand if CCFB entrainment could be minimized by
selectively opening the gates only at certain diel periods (e.g. day, crepuscular, night).

Methods:

This study would be in conjunction with the 6-year study steelhead releases and VAMP-like salmon
releases and would compare entrainment rates into CCFB during three diel periods (Day, Crepuscular
and Night). Using data from 2011, 2013 and other future years an analysis could determine if diel cycles
effect smolt entrainment into CCFB. The data would further be analyzed by taking flow rates into CCFB
to determine how radial gate flow rates affect Salmonid entrainment during these same diel periods. If
enough samples are not available from the data collected during these years additional manipulation
could occur as follows:

Groups of 120 acoustically tagged juvenile steelhead and 120 acoustically tagged Chinook salmon smolts
will be released upstream (location TBD) from the CCFB radial gates over a 24 hour period (e.g. 5 Salmon
and 5 steelhead released per hour). For each 240 fish group the radial gates would be operated such
that flow/gate positions would be consistent during each flood tide for the 5 days following release.
Subject groups would be tested with the radial gates fully open (@ 100%), mostly open (@ 50-80%) and
mostly closed (@ 20-50%).

Gate Operation at flood tides for 5 days

Release Group 1 (120 Chinook and 120 Steelhead) Gates remain fully open

Release Group 2 (120 Chinook and 120 Steelhead) Gates remain mostly open

Release Group 3 (120 Chinook and 120 Steelhead) Gates remain mostly closed
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Experimental/Regulatory Challenges:
-Lower levels of pumping at SWP during certain release group periods.

-Inflows must be kept consistent for study periods regardless of Water Quality and other

restrictions.

-CVP pumping should remain consistent throughout this study regardless of ESA take.

Application of Findings to Management:

-This study could provide input on adaptive management practices for operation of the radial

gates.

-In conjunction with the findings of the Export Ratio Study this could be utilized to increase

Salmonid smolt survival during spring pumping operations.

-Results could be utilized to dictate use patterns of the SWP pumping during spring salmon

outmigration periods.
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Obtaining Significant Increases in Survival of Salmonid Smolts through Facilities Operational Changes
Hypothesis:

Ho: SWP and CVP pumping ratios from March to May have no effect on salmonid smolt survival in the
South Delta.

Background and Purpose:

Research suggests that smolt survival through Clifton Court Fore Bay (CCFB) is extremely low (37%-39%
in USGS, 2009; 26%, Clark et al., 2009; 37%-1%, Gingras, 1997) and that fish entering the interior south
Delta overwhelmingly survive through the delta via salvage (100%, USGS, 2009; 100%, SJRGA, 2010;
92.3%, pers comm. R. Buchanan, 2012). The Tracy Fish Facility (TFF) has no fore bay and, therefore,
smolts that are salvaged at TFF may have higher through-delta rates of survival than smolts travelling
through the SFF. Furthermore, TFF and SFF salvage efficiencies have been shown to be correlated to
pumping rates as under certain flow conditions screen efficiency is improved (Haefner and Bowen,
2001) and survival through CCFB may be improved if travel times can be lowered through increased SWP
pumping rates.

Experimental Approach:

This study should be conduct in conjunction with the 6-year study steelhead releases and VAMP-like
salmon releases over three years. In essence, the pumping operations would be altered after monthly
releases in order to test if south Delta survival can be improved by adjusting pumping rations between
SWP and CVP facilities. Total south Delta pumping rates will not be affected by this study. Inflows and
exports need not be the same for all years and should be determined by the expected Water Year Type
(determined before the February release), however, within each year monthly inflows/exports must be
kept consistent. Pulsed flows could be utilized in this study, as long as flow regimes were consistent for
each of the 3 months of each year.

Methods:

This study would be in conjunction with the 6-year study steelhead releases and VAMP-like salmon
releases over three years and would add to these releases in order to ensure that monthly salmon and
steelhead releases occur from February to May. Each of these releases would occur at the beginning of
each month and water exports would be adjusted following this table:

Year 1 Year 2 Year 3
CVP Pumping SWP CVP Pumping SWP CVP Pumping SWP
Pumping Pumping Pumping
March 0-20% 80-100% 50% 50% 80-100% 0-20%
April 80-100% 0-20% 0-20% 80-100% 50% 50%
May 50% 50% 80-100% 0-20% 0-20% 80-100%

Analyses would be conducted to gain an understanding if south Delta Chinook and Steelhead survival

can be improved by altering pumping ratios.
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Experimental/Regulatory Challenges:
-Obtaining Chinook salmon large enough to tag in February may not be feasible.
-Determining WYT in February may not be possible.
-HOR Barrier must not be placed in any years as tagged salmonids would not reach the facilities.
-Ag Barrier construction would likely begin in May and could influence hydrodynamics.

-Inflows/Exports must be kept consistent for each year regardless of Water Quality, ESA take,
and other restrictions.

Application of Findings to Management:

-This study could provide input on adaptive management practices in the spring export ratios
that could positively influence smolt survival through the south Delta.
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I:E Ratio and Juvenile Steelhead Survival
K. Clark

Hypothesis:

Ho: Lowering the I:E ratio does not change steelhead survival within the reaches of the San Joaquin River
and the interior Delta. (Higher export rates do not decrease steelhead survival)

H,: Lowering the I:E ratio does change steelhead survival within the reaches of the San Joaquin River
and the interior Delta. (Higher export rates do decrease steelhead survival)

Background and Purpose:

Understanding the response of salmonid survival within the channels of the South Delta to the I:E ratio
is critical to implementing management decisions to protect ESA listed salmonid species. Several studies
have attempted to evaluate the relationship between I:E and salmonid survival within the reaches of the
San Joaquin River and the interior Delta. The results of those studies have been inconclusive. However,
these previous studies had little or no control over inflow or export rates and the range of |.E tested was
severely limited. We propose a new study to evaluate salmonid survival in response to two extreme
export rates (high and low).

Experimental Approach:

We propose to manipulate I:E ratio on the San Joaquin river to maintain two I:E ratios by changing
export rate and keeping inflow as stable as possible. Each ratio of I:E would be maintained for 14
consecutive day periods (Table 1) and each period would began at the start of either a spring or neap
tidal cycle. Weekly releases (8 releases) of 500 acoustic tagged steelhead would be conducted at
Durham Ferry on the San Joaquin River and tracked on an acoustic tag receiver array.

Table 1: Experimental Periods

1°* 14 day period 2nd 14 day period 3" 14 day period 4™ 14 day period

High Export Rate (TBD) | High Export Rate (TBD) | Low Export Rate (1500 cfs) | Low Export Rate (1500 cfs)

In order to meet the study objectives, NMFS, USFWS, and DFG would need to agree that if take limits for
salmonids and delta smelt were exceeded at the CVP and SWP export facilities, then no action would
occur to alter export rates during the duration of the study period. In addition, the California State
Water Resources Control Board may need to approve a variance from D1641.

Data Analysis:

Statistical analysis of reach-specific survival and overall survival for acoustically tagged steelhead would
be consistent with the analytical methods used for survival estimation in the Six-Year Acoustic Tag
steelhead study being performed in the South Delta.

One of the major technical challenges in analyzing results of acoustic tagging studies using acoustic tag
technology is determining whether a juvenile salmonid has been preyed upon by a larger predatory fish
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and subsequently detected moving past a receiver. Given the uncertainty of all current methods of
differentiating predator from juvenile salmonid behavior, statistical analyses would be performed using
all tag detections (assuming all detections are juvenile salmonid detections and no predator bias).

New technology is being currently evaluated by DWR that may discern when acoustic tagged salmonids
have been consumed by predatory fish. If this new technology is deemed reliable, the new technology
would be utilized and would allow for predator filtering of the dataset.

Linkage to Other Studies:

This study should be linked and coordinated with the Six Year Acoustic Tag Study and to the extent
possible. Equipment (tags and receivers) tagging and release operations and data collection should be
coordinated with the Six Year Acoustic Tag Study.

This study could also serve as a backbone for other studies to be added. All studies looking to evaluate
fish behavior or survival under controlled export rate conditions should be integrated with this larger
scale study.

How Study Results Will be Used

The results of the study will be used to add to the understanding surrounding the use of I:E as an
appropriate metric and management tool for increasing steelhead survival through the San Joaquin
River and interior Delta.

Experimental Challenges

Detecting differences in salmonid survival from within the environmental noise could be difficult. Our
approach seeks to reduce this issue by using extreme export conditions or using export conditions that
are sufficiently different, while other conditions known to affect survival, but not being evaluated such
as water temperatures, are similar.

Adequate control over export conditions, as there are several factors that control export rates, could be
problematic. There would need to be a high level of coordination between all of the entities that
control export rates in order to achieve the experimental conditions prescribed.

Predation rates within the South Delta may be so high as to completely mask any differences in
salmonid survival attributable to the I.E ratio, even under extreme export conditions.
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Collaborative Hypothesis Testing Based on Analyses of Existing Acoustic Tag Study Results
Chuck Hanson April 7, 2013

Hypotheses: The conceptual model of juvenile salmonid survival in the south Delta (Figure 1) identifies
a number of null hypotheses regarding the drivers-linkages-outcomes that can be tested statistically
using data collected as part of past and current acoustic tag experimental investigations. The
hypotheses include, but are not limited to:

e Juvenile salmonid survival through specific reaches (reach-specific survival) in the lower San
Joaquin River and Delta is independent of the duration that a juvenile salmonid resides in the
Delta during emigration. The risk of predation mortality is independent of reach-specific
residence time

e The rate of juvenile salmonid emigration through a reach is independent of average river and
tidal flow and velocity during the period that a fish is migrating through the reach

o The duration of residence of a juvenile salmonid within a reach is independent of flow and
migration rate

e Juvenile salmonid survival is independent of route selection and route length. Route selection is
independent of river flow, export rates, OMR reverse flow, and tidal flow within the reach and
at channel junctions

e Juvenile salmonid survival within a reach is independent of habitat conditions including SAV

e Juvenile salmonid survival is independent of water clarity and turbidity within a reach

e Juvenile salmonid survival within a reach is independent of average water temperatures

e Juvenile salmonid survival is independent of fish length

e Juvenile Chinook salmon survival within a reach is not significantly different than that for
juvenile steelhead

e Juvenile salmonid survival is independent of location of tagged fish release location

Background and Purpose: Acoustic tagging studies have been designed and implemented over the past
decade as part of the NMFS north Delta survival studies, academic graduate studies, USGS north Delta
studies, Georgiana Slough 2011 and 2012 non-physical barrier investigations, Freeport intake
evaluations, Sacramento Regional Wastewater evaluation, VAMP, 2012 Stipulation Study, Head of Old
River evaluations, USBR Six-year steelhead survival study, and others. Additional studies are currently
being designed and implemented. Results of these studies, however, have not been systematically
analyzed to test many of the hypotheses that exist regarding the movement and survival functions for
juvenile Chinook salmon and steelhead during their emigration through the south Delta. In addition,
these existing data sets can be used to test the effects of various experimental design elements that can
then be used to inform the design and implementation of survival studies in the future. For example,
results of past studies can be used to assess the sample size and statistical power of future experimental
investigations and alternative release strategies, as well as to identify key environmental covariates for
inclusion in subsequent investigations. Re-analysis of existing study results is an efficient and cost-
effective method to assess many of these factors and to develop a more robust experimental and
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analytical framework for the design and analysis of subsequent studies. The data re-analysis would be
done collaboratively with the original investigators.

Experimental Approach: The approach to the data re-analysis would include a compilation of acoustic
and radio tag studies conducted in the Bay-Delta. For each previous study an assessment would be
made of the instrumentation and receiver deployment related to the potential use of various data sets
to address specific hypotheses (some data sets may be useful for assessing reach-specific survival while
others may be useful of examining fish migration characteristics, others may be determined to not be
appropriate for inclusion in the analyses, etc.). The study objectives, methods, and results of analyses of
each of the original study would be reviewed and critiqued for use in this analysis. Based on the
receiver arrays and release locations specific reaches would be selected for inclusion in the analysis.
Data from the original receiver detections, in addition to data from other sources on river flows, tidal
hydrodynamics (including simulation model results), water temperature, turbidity, and habitat
conditions would be compiled. The data set would then be analyzed statistically using univariate and
multivariate techniques to address specific hypotheses.

Methods: An interdisciplinary team of fishery biologists, biostatisticians, hydrologists, modelers, and the
original investigators will be assembled to perform the analyses. The data sets compiled for each of the
selected studies discussed above would be reviewed for quality control prior to analysis. The data sets
would include information on tagging, release, tag detection, and covariates linked both geographically
and temporally to each of the fishery studies. Statistical analyses would then be performed and
documented for each of the hypotheses being tested. Results of the analyses will be documented in a
draft and final technical report as well as summarized in presentations and briefings for managers. An
independent group of three scientists will serve as an advisory committee to help oversee the data
selection, analyses, and critically review technical documentation as part of the project.

Experimental Challenges: Challenges for the project include the lack of synoptic data collected on the
response of acoustically tagged salmonids and the corresponding water temperatures, turbidity levels,
river flows, and tidal hydrodynamics needed to test one or more of the hypotheses. Additional
challenges include studies that were designed and conducted to achieve objectives other that those to
be addressed as part of this investigation, lack of data documentation or missing data, confounding
environmental covariates, and the uncertainty in determining if, when, and where a juvenile salmonid
was preyed on or lost as a result of some other factor (e.g., entrained into an unscreened diversion). A
specific set of metrics will be used to assess the likelihood that a predation event had occurred based on
examination and analysis of data such as the Georgiana Slough and HORB studies where predators and
prey were monitored using 2- or 3-dimensional tag detection technology.

Application of Findings to Management: Results of the re-analysis of existing data will provide
managers with new insights into the experimental design considerations of future studies (e.g., sample
size and statistical power, detection array deployment, release strategies, development of
interdisciplinary studies that include detailed water quality, habitat, and hydrodynamic measurements,
etc. The study will also help to identify data gaps from previous investigations. Results of hypothesis
testing will help inform development of the functional relationships (drivers-linkages-outcomes) shown
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in the conceptual model as well as addressed in development of salmonid lifecycle models. Study
results will help identify specific functional relationships that affect juvenile salmonid survival and form
part of an improved technical foundation for future study designs and potential management actions
(e.g., consideration of modification of river flow to reduce predation mortality, effects of exports and
tidal conditions on route selection and subsequent risk of mortality, etc.).

Technology Transfer: Results of this investigation will be used to improve the experimental design of
future juvenile salmonid survival studies as well as the design of monitoring programs to evaluate the
effectiveness of future management actions.
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Identifying dominant predators of seasonally migrating juvenile salmonids in the South
Delta and the alternative prey that support them year round?

Hypothesis: Hal: A small subset of potential predators in the South Delta are responsible for
the majority of actual predation on juvenile salmonids. Ha2: Juvenile salmon are rare in
dominant predator diets and these predators are primarily supported by alternative prey.

Background and Purpose: Although flow and exports are the proximal drivers of interest, the
ultimate response of interest regarding juvenile salmonids is survival, which is likely strongly
influenced by predation rates. To model, mitigate or simply understand the influence of physical
drivers on predation, it is necessary to understand predator behavior, and thus the dominant
predator species. For instance, predation risk along a migration route can be framed either as a
function of travel distance or travel time, depending on whether primary risk is from relatively
mobile predators (striped bass) that follow juveniles over the length of the migration route, or
immobile predators (largemouth bass) that juveniles must pass one-by-one. Juvenile salmonids
are likely a minor and only seasonal component of their dominant predators’s diets in the South
Delta. Therefore densities of these predators are likely supported by year-round presence of
alternative prey. This experiment will determine the most common predators of juvenile
salmonids in the South Delta, as well as the most common prey of these predators at different
times of the year.

Experimental Approach: This study will use DNA analysis of potential predator gut contents
to detect presence/absence of prey items. An additional manipulative component could be added:
measure survival of acoustically tagged juvenile salmon along experimental reaches with two predator
density manipulation treatments (BACI or adjacent treatment-control reaches): T1) block and gill nets to
selectively remove striped bass from experimental reach, T2) electrofish to remove largemouth bass from
experimental reach.

Methods (including statistical analysis plan): Potential predators of juvenile salmonids will be
lethally sampled at least four times over a year by gill net, trammel net, electrofishing, and/or in
conjunction with other predator removal experiments. Gut tracts will be removed and gut
contents will be analyzed for presence/absence of DNA from juvenile salmonids and other
common South Delta species using techniques and genetic panels that have been rigorously
tested over three field seasons for appropriate sampling method and detection rate variation
(dependent on both consumption volume and time since consumption).

Experimental challenges: Bycatch of sensitive species.

Application of Findings to Management: Predator control is a potential option for improving
survival of juvenile salmonids in the South Delta. Accurate targeting of predator control
measures will benefit from an understanding of the dominant predators of juvenile salmonids.
Following on the example described above of a stationary vs mobile dominant predator, with
stationary predators the goal would be to guide juveniles down the shortest migration route and
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to reduce predator numbers along that route (e.g. removal, habitat modification), while with
mobile predators the objective would be to speed juveniles along the migration route (e.g. pulse
flows and reduced water exports). In addition, a fuller understanding of dominant predator diets
will provide the opportunity to apply control measures that suppress conditions fostering
alternative prey of these dominant predators.

Technology Transfer: Update communications, presentations, reports, journal publications.

Other useful information to weave into the narrative: This study will capitalize on recently
developed genetics technology at UC Davis (currently in use in the North Delta). This study can
run partly in conjunction with predator removal studies.
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What are the dominant environmental cues for juvenile salmonid fine-scale movement
behavior and navigation in the South Delta?

Introduction: This proposal outlines a set of related study modules that examine the possible
relationship between juvenile salmon navigation and movement behavior and a suite of
environmental cues.

Hypotheses:

Module 1: Meso-scale navigation behavior and water quality gradient cues.

Ha: Juvenile Chinook salmon longitudinal movement direction along a channel (e.g. north vs.
south) in the South Delta tidal environment is guided by juvenile reaction to:
Haz) salinity concentration changes over the tidal cycle (Eulerian temporal salinity
gradients).
Ha2) changes over the tidal cycle of concentration changes of chemical signatures that are
indicative of upstream olfactory signatures the juvenile experienced along the migration
route.
Has) changes over the tidal cycle of concentration changes of chemical signatures that
were imprinted in the river system where the juvenile reared and smolted.

[dual Sac/SJ basin juvenile releases with meso-scale 1D or 2D acoustic tag monitoring and 1D

water quality measurements over tidal cycles in Old River and in SJ below Head of Old River]

Module 2: Meso-scale navigation and celestial/geomagnetic cues.

Ha: Juvenile Chinook salmon longitudinal movement direction along channels and route
selection at junctions in the South Delta is guided by an inherent tendency to travel in a
single compass direction (most likely based on celestial and geomagnetic cues).

Ha: Juvenile Chinook salmon of northern Central Valley stocks differ from juveniles of southern
Central Valley stocks in their inherent compass travel direction.

[dual Sac/SJ basin juvenile releases with prerelease tank experiment and 1D or 2D acoustic tag
monitoring in channels with variety of compass orientations]

Module 3: Fine-scale movement behavior and navigational cues.

Ha : Juvenile Chinook salmon movement behavior (holding vs. unidirectional swimming),
longitudinal movement direction along a channel (e.g. north vs. south), orientation across
the channel (left side vs. right side, margins vs. center, bottom vs. top water), and related
route choice at junctions in the South Delta tidal environment are guided by:

Ha1) salinity concentration changes over the tidal cycle (Eulerian temporal salinity
gradients).

Ha2) changes over the tidal cycle of concentration changes of chemical signatures that
were imprinted immediately upstream along the migration route.

Hasz) changes over the tidal cycle of concentration changes of chemical signatures that
were imprinted in the river system where the juvenile reared and smolted.

Hag4) inherent compass travel direction.
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[dual Sac/SJ basin juvenile releases with fine-scale 3D acoustic tag monitoring and 2D/3D water
quality measurements over tidal cycles in channel reaches leading to and exiting a freshwater
tidal and estuarine tidal junction with juvenile releases in all three arms]

Module 4: Fine-scale movement behavior at junctions, route selection, water velocity fields and
channel junction geomorphology.

Ha : Juvenile Chinook salmon orientation across the channel (left side vs. right side, margins vs.
center, bottom vs. top water), and related route choice at junctions in the South Delta tidal
environment are guided by:

Ha1) active positioning according to water velocity fields in relation to flow-split
streamlines leading up to the junction.

Ha2) inherent compass travel direction in relation to flow-split streamlines leading up to
the junction.

Ha3) active positioning according to geomorphic features (e.g. inside bend vs. outside
bend) in relation to flow-split streamlines leading up to the junction.

Ha4) random positioning in relation to flow-split streamlines leading up to the junction.

Background and Purpose: Understanding the environmental cues that allow a juvenile salmon
to successfully migrate toward the Ocean through freshwater, tidal environments is likely a
critical step toward understanding the effects of water project infrastructure and operations on
juvenile route choice and residence time within the South Delta channel matrix. Adult salmon
bound for their natal streams are known to navigate by electromagnetic fields in the open ocean
and by chemical cues once they near their home river based on imprinted memory of their ocean-
bound juvenile migration. Less is known about how ocean-bound juveniles successfully navigate
through freshwater tidal environments never before encountered. Studies have found that
sockeye salmon smolts from different lakes have an inherent (possibly genetic based) tendency
to travel in the compass direction of the outlet from their lake, and that this directional navigation
is guided by a combination of geomagnetic and celestial cues (Quinn and Brannon, 1982).
Similarly, chum salmon smolts have an inherent tendency to travel in the direction that will lead
them through river inlets to the ocean (Quinn and Groot, 1983), and that demonstration this
directional tendency is more pronounced at higher water velocities (Quinn and Groot, 1984).
Another possible navigational cue are tidally driven changes in salinity or in the concentration of
chemical signatures from the juvenile’s natal stream or chemical signatures of water encountered
immediately upstream. These temporal changes in salinity or chemical concentration gradients
could provide behavioral cues causing the juvenile to hold or go with the flow. In addition, either
celestial/geomagnetic or chemical cues may influence juvenile orientation across the channel,
which could influence route selection at junctions by positioning juveniles in relation to flow-
split streamlines leading up to junctions. However, cross-sectional orientation of juveniles in the
channel may simply reflect preference for particular hydrodynamic or geomorphological features
of channels leading up to junctions (e.g. cross-sectional orientation in relation to water velocity
fields or channel bends).
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Regardless of the dominant navigational mechanism used by emigrating salmon juveniles,
infrastructure (barriers, cross channels) or operations (pumping, agricultural discharge) may
confuse, delay or misdirect migrating juveniles. However, predicting or mitigating these effects
will require a better mechanistic understanding of juvenile navigation cues in the South Delta.
Also of concern is the possibility that past and planned South Delta studies using juvenile salmon
from northern Central Valley stocks are subject to the confounding effect of juveniles following:
compass cues that are not appropriate for southern Central Valley stocks and lead them in a
south-westerly direction toward the water project export facilities.

Experimental Approach: For modules 1-3, paired releases of juveniles from north and south
Central Valley stocks will be made in south Delta channels and their movement will be
compared. All modules will require study locations with tidal influence.

Module 1, comparing movement behavior to water quality gradients at the meso-scale uses 1D or
2D acoustic tag monitoring of juveniles and 1D water quality monitoring along the longitudinal
profile of study channels. To isolate the influence of salinity versus other chemical signatures, a
study channel within and upstream of detectable salinity intrusion is necessary. This module
could piggy-back on the Stuart study on the Old River, the Hayes study downstream of the Head
of Old River, or any other meso-scale acoustic tag monitoring study.

Module 2, comparing movement behavior and celestial/geomagnetic cues, has two components.
Just prior to release of acoustically tagged juveniles from paired north/south stocks, test fish are
placed in circular tanks similar to those used in Quinn and Groot (1983). Tanks have numerous
openings evenly spaces around perimeter allowing fish to exit (without reentry) into adjacent
holding tanks. Any directional tendency of salmon movement detected in the holding tanks is
compared to directional movement of salmon stocks along channels and at junctions to
determine if celestial/geomagnetic cues (as determined by tank experiment) influences route
choice. This module could piggy-back on the same studies as Module 1 and could be conducted
in conjunction with Module 1.

Module 3, fine-scale movement behavior and navigational cues, requires fine-scale 3D acoustic
tag monitoring of juveniles and fine-scale 2D/3D water quality monitoring/measurements over at
least one tidal cycle. This study could piggy back on virtually any study releasing acoustically
tagged juveniles in tidally influenced reaches. However, in order to examine movement behavior
at a junction, channel reaches leading to and exiting from a junction should be monitored, ideally
with juvenile releases in all three arms of the junction.

Module 4, fine-scale movement behavior at junctions, route selection, water velocity fields and
channel junction geomorphology, is similar in approach to Module 3 as far as acoustically tagged
juvenile fish monitoring. However, instead of fine-scale water quality, this study relies on fine
scale hydrodynamic monitoring and modeling of water velocity fields in channels leading to a



Case 1:09-cv-01053-LIQ-BAN, DREWTIRIH £ ana MIRA R ioF AR érirbRikent

junction. In addition, fish movement is compared to pre-defined and surveyed geomorphological
features to examine potential influence of these features on fish orientation upon approach to
junctions.

Methods (including statistical analysis plan):

Field:Statistical subjects are the juveniles and treatment groups are individual channel reaches
(i.e. no attempt at replication). Experimental goal is not to project conclusions beyond
experimental sites (which would require random site selection). Rather, the goal is to accurately
describe and compare juvenile behaviors in several contrasting channel types. Reasonable
hypotheses regarding drivers of juvenile behavior should explain movement across multiple
channel types (riverine vs cross-channel, high vs low export influence). Fine-scale GPS habitat
mapping defining areas of predetermined habitat types (SAV, littoral, open channel) will provide
additional information beyond the direct objectives of the study modules. Fine-scale (sub-meter)
juvenile Chinook movements will be monitored with 2D or 3D acoustic telemetry. Water quality
data loggers and ISCE’s will take water samples at fixed locations along and across channels
over regular time intervals throughout the study for detailed chemical analyses.

Analysis: Juvenile activity (moving vs holding), longitudinal velocity and direction of
movement, and time spent in predetermined habitat types (GPS layer overlay) during activities
will be compared during set intervals in the tidal cycle to establish whether juveniles exhibit a
consistent response to tidal velocity. 1D water quality gradients along channels will be
interpolated between ISCE sampling points and sampling times to the finest scale possible and
then converted into Lagrangian temporal gradients from the perspective of individual juveniles.
The direction of Lagrangian temporal gradients (increasing vs decreasing vs stable) will be
compared to juvenile activity to determine if there is a consistent behavioral response to water
quality cues. Directional tendencies in tank experimental will be based on statistical methods
described in Quinn and Groot (1983).

Modeling: DSM2 “finger-printing” will be modified to model historical spatio-temporal
concentration gradients of “upstream” water at select junctions and channel reaches in the South
Delta. DSM2 particle tracking will be modified so that particles reflect hypothetical behavioral
responses to 1D tidal driven flow and/or concentration of “upstream” water. Particle paths will
be compared to migration paths of juveniles from larger-scale acoustic telemetry studies.

Experimental challenges: Obtaining experimental fish from appropriate geographic regions
may be a challenge. Another challenge will be defining appropriate length of experimental
channel reaches and detecting predation of tagged juveniles. This experiment does not require
special conditions except that reaches must be subject to tidal flows and some reaches must be
have detectable salinity concentrations.

Application of Findings to Management: A detailed understanding of juvenile movement in
relation to hydrological flow and mixing patterns, tidally driven changes in water quality, and
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habitat types within experimental reaches will allow structuring of models that can test relevance
to larger scale migration patterns in existing data sets. This will open the door for explaining
route choice and migration rate based on output of existing hydrological models. Since existing
models are capable of describing hydrological changes caused by water project operations and
infrastructure, information from this study will indirectly inform possible consequences of
different water project management options. Detailed movements will also allow better
understanding of habitat use during different behaviors (holding, movement) that will elucidate
potential interactions with sedentary versus mobile predators and inform mitigation efforts to
reduce predation risk.

Technology Transfer: Progress reports and presentations, final report and journal publications.
Raw data made available upon request.

Other useful information to weave into the narrative: Modules could be combined with a
before/after predator removal, SAV removal, or any other experimental approach that relies on
fine scale tracking of juvenile movements in a tidal environment over several tidal cycles.
QUALITY will be far more informative than QUANTITY, where quality refers to the ability to
more specifically define the movement behavior of juvenile salmon in South Delta water ways,
and quantity refers to larger spatial scales or increased replication. Useful information derived
from other large scale migration/survival studies will be minimal without information from high
quality, fine scale descriptions of juvenile behavior that can help us understand larger scale
migration patterns.

References:
Quinn, T.P. and E.L. Brannon. 1982. The use of celestial and magnetic cues by orienting sockeye
salmon smolts. Journal of Comparative Physiology A 147:547-552.

Quinn, T.P. and C. Groot. 1983. Orientation of chum salmon (Oncorhynchus keta) after internal
and external magnetic field alteration. Canadian Journal of Fisheries and Aquatic Sciences
40:1598-1606.

Quinn, T.P. and C. Groot. 1984. The effect of water flow rate on bimodal orientation of juvenile
chum salmon, Oncorhynchus keta. Animal Behavior 32(2): 628-629.
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Juvenile salmonid use of SAV as holding and rearing habitat in South Delta
Hypothesis:

Hai: Juvenile salmonids use SAV (when available) as holding habitat while migrating through
the South Delta.

Ha2: SAV provides higher densities of available food to juvenile salmonids relative to alternative
habitat types such as rip-rap or muddy shoals.

Background and Purpose: Little is known regarding fine-scale habitat use by juvenile
salmonids in the Delta. SAV has proliferated in the South Delta in recent decades. Although not
found to be associated with adult largemouth bass, SAV has been associated with largemouth
YOQY, thus providing recruitment habitat that likely benefits the establishment of local adult
populations. In addition, SAV provides habitat for other centrarchids and cray fish, that are
common prey of largemouth bass and possibly striped bass, and therefore SAV may support high
densities of these predators year-round. On the other hand, SAV may also support invertebrate
food resources and provide refuge from predators for juvenile salmonids migrating through the
South Delta. For this reason, it is unclear whether establishment of SAV in South Delta channels
IS a net benefit or detriment for juvenile salmonid survival. An initial step toward answering this
question is to determine: i) whether migrating juveniles use or even prefer SAV habitat during
migration through the South Delta, particularly while holding, and ii) whether SAV provides
benefits for juvenile salmon, such as abundant food.

Experimental Approach: Monitor movement of acoustically tagged juvenile salmon released
in channel reaches with and without SAV and overlay movement on detailed SAV map. Define
whether SAV is used regularly in channels with SAV and whether SAV use is related to tidal
phase, solar irradiation (day/night, overcast), turbidity or possibly predator densities (if study ran
in conjunction with predator removal study, some information may also be gleaned as to the
influence of SAV on juvenile predation risk). Survey food densities in SAV and adjacent
alternative habitat types. Possibly collect and analyze juvenile gut contents, or conduct enclosure
studies to determine diet composition, consumption rate and growth of juvenile salmonids in
SAV and alternative habitat types.

Methods (including statistical analysis plan): Conduct fine scale survey of SAV (and other
predefined habitat type) coverage in experimental reaches using GPS. Release acoustically
tagged juveniles into experimental reaches and map 2D or 3D movement. Over set time

intervals, define dominant juvenile activity and habitat use. Compare overall habitat use to
predetermined physical variables using appropriate statistics. Survey juvenile salmon diet (or diet
of other similar-sized fish) inhabiting SAV and other habitat types. Conduct predator-free
enclosure experiments in representative habitats, monitoring diet (gut contents), and growth.
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Experimental challenges: Determining predation events in acoustic studies. Boat traffic
interference with acoustic receiver arrays.

Application of Findings to Management: Elevated flows and stable freshwater conditions are
thought to be major contributors to the proliferation of SAV in the South Delta. This study will
determine the extent to which juvenile salmon use SAV and whether SAV appears to offer
beneficial holding habitat during migration through the south Delta. It will also inform whether
SAV removal may have negative consequences for juvenile survival.

Technology Transfer: Presentations, reports, publications.

Other useful information to weave into the narrative: This study could be run in conjunction
with the study of fine scale juvenile navigation in relation to tidal cycle and chemical gradients in
order to capitalize on a highly instrumented channel. It could also be run in conjunction with a
predator removal study to determine whether predators influence juvenile SAV use and possibly
offer some insight as to whether SAV availability enhances juvenile survival during migration in
the presence of predators.
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SAV support of alternative prey for dominant predators of juvenile salmonids in the South Delta.

Hypothesis: SAV is associated with higher densities of alternative prey that support dominant predators
of juvenile salmonids (striped bass, largemouth bass) in the South Delta.

Background and Purpose: Juvenile salmonids are a minor and only seasonal component of potential
prey for their dominant predators in the South Delta, striped and/or largemouth bass. Therefore high
densities of these predators are likely supported by year-round presence of alternative prey. SAV has
proliferated in the South Delta in recent decades, and though not associated with adult largemouth bass
densities, SAV has been associated with YOY largemouth bass densities, thus providing indirect benefits
for the establishment of adult populations as recruitment habitat and prey habitat (largemouth are
canabalistic). SAV likely supports higher densities of other prey for largemouth bass and possibly striped
bass that may support these predators year-round. Coupled with predator diet studies using gut content
DNA analysis (see prospectus: “Harvey _Dominant predators and their alternative prey prospectus*), this
study would provide a more comprehensive understanding of the conditions that support high predator
densities in the South Delta.

Experimental Approach: Analyze existing datasets of centrarchid surveys in association with different
levels of SAV density. Compare recent surveys with surveys conducted prior to the year 2000 to describe
dominant changes in alternative prey composition and density.

Methods (including statistical analysis plan): Stats: TBD based on structure of available data.
Experimental challenges: Limited to what is available in existing datasets.

Application of Findings to Management: Do the findings have direct or indirect application or
implications for managing south Delta inflow/export and improving salmonid survival through the Delta?
As elevated flows and stable freshwater conditions are thought to be major contributors to the
proliferation of SAV in the South Delta, this analysis will allow a better understanding of the indirect
impacts of flow/salinity management on densities of alternative prey that support year-round abundance
of dominant predators.
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Salmonid Tethering to assess effects of IE
ratio on predation rate

N

<«—GCPS tracker
This method was originally proposed as part of

the ‘predator removal’ study to test effects of
relative change in predation rates at various
predator densities.

In concept it could be applied to ask “how does

relative predation rate change in a reach (say

roughly~50-100m) as a function of I:E ratio.

This relates to how we have proposed to use it

in the predator removal study to address

something we refer to as the Prey Transit

Time Hypothesis- which is that the survival of

juvenile salmonids passing through a reach

will be a function of transit time and path

through the reach

regardless of predator density and

manipulations, the movement path and

velocity of tethers through each reach relative

to the rate at which they are predated upon can be compared both within and across tether
deployments in both experimental and control reaches (and across flows associated with
different IE Ratio)

The intent of this method is not to quantify absolute predation rates, given the biases associated
with increased susceptibility to predation with the tether, but rather to provide a relative
comparison of predation rate in treatment and control reaches for the Predator Density
Hypothesis and relative predation rates relative to tether movement path and velocity for the
Prey Transit Time Hypothesis. The SWFSC has been using the tethering method to assess
predation rates around water diversion on the Sacramento River (including Freeport, City of
Sacramento, and the City of Redding Pump House #1). Methods were developed based on
studies in the literature incorporating standard tethering techniques used in other riverine
habitat studies (Gregory and Levings 1998) and hook-timers developed for assessing long-line
fisheries (Somerton and Kikkawa 1995, Sigler 2000). Previous experience with these method
indicates bottom mounted tethers are most effective in stable current systems. Due to potential
changes in current directions and slack tides, we intend to use unmoored tethers and allow
them to drift through the experimental and control reaches. In addition, previous studies were
designed to assess predation around a specific structure, whereas this study will be comparing
average predation rates in control versus experimental reaches and relative to reach flow
dynamics, so the drifting within a reach will not affect experimental design. In this task, small
floats with juvenile hatchery fall-run Chinook salmon (or steelhead) tethered below by a small
hook with pull timer will be deployed at 10 m spacing (n = ~20) across the river channel at the
‘up-flow’ section of each reach (direction potentially dependent upon tide and pumping) and
allowed to drift down-current through the reach and collected at the far end, where tethers will
be recovered and evaluated for predation. Each float will have a GPS unit that records its
position every 5 seconds providing path and point to point velocity. These units also transmit
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location to a base station in real-time which facilities unit recovery and negates having to
download 30 receivers after each deployment. We typically conduct these experiments at dawn
and dusk, and potentially midnight and midday (although public fishing pressure often
precludes midday experiments). The protocol will be expanded to address tidal and flow
changes as well. We intend to conduct pilot tether releases in the spring 2013 while conducting
surveys at other study sites, to establish practical hook-depth settings, modify for GPS package
and determine the number of drifters that can be practically managed. This could be delayed
until fall 2013, but practical considerations including availability of hatchery fish in spring and
deployment under normal spring flow conditions are desired. Also the primary complication
associated with tether deployments is tangling of the live fish with the tether gear, so
experiments with unbaited hooks or artificial lures are less valuable for testing efforts in 2013.
In addition, despite the increased susceptibility of smolts to predation, past experience
indicates 100% predation rates rarely occur. As such preliminary measures of predation rates in
2013 will be used to conduct a power analysis for the total number of tethers required to
achieve a measurable effect for work in 2014-2015.

As above, the purpose of this experiment is not to achieve a perfectly accurate measure of
salmon mortality/predation, but rather to evaluate the relative differences observed between
treatment and control reaches both before and after removal efforts and “survival’ relative to
transit time. Biases associated with the tether increasing susceptibility to predation are not of
concern as those measures of true reach survival are made with the acoustic tagging study
(Task 4 below). Hook timers have three-fold purposes. In the event that there is 100%
predation, the timer allows the relative quanitification of how quickly this occurred in each
reach. More commonly, the timer also provides an assessment of whether a predation event
truly occurred (hook-timer pulled) vs the salmon smolt simply escaping the hook (timer not
pulled). Finally when synced with the GPS unit- the timer will enable us to determine the
location of the tether when it was predated upon (ie. in the middle of the HOR scour hole,
versus 500 m away in mid-channel or along a bank).
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Annual cost for two boat teams deploying tethers are 10 rotating locations throughout the delta for 2 months

sample size ~ 40-60 tether deployments per location/day

Personnel Costs
Salary Description

Position

Title: Post-doctoral Scholar
Title: Post-doctoral Scholar
Title: Staff Research Associate Il
Title: Lab Assistant Il

Title: Lab Assistant Il

Title: Lab Assistant Il

Benefi
Title: Post-doctoral Scholar
Title: Post-doctoral Scholar
Title: Staff Research Associate Il
Title: Lab Assistant Il
Title: Lab Assistant Il
Title: Lab Assistant Il

Equipment
No Description
1 Garmin Tether GPS tracking system
2 Tether parts- floats, weights, line, glow sticks, hooks
3 Misc Supplies
4 Laptop for GPS tracking tethers
5 fluff

Fall 2013
Year 1
Hourly rate  monthl
(year 1) y Hours/yr  Salary
$24.33 4,217 520 12,650.00
$24.33 4,217 520 12,650.00
$20.64 3,578 320 6,605.54
$18.40 3,189 320 5,887.38
$16.17 2,802 320 5172.92
$16.17 2,802 320 5,172.92

Subtotal 48,138.77

Benefit Rate Benefits
0.38 4,807.00
0.38 4,807.00
0.46 3,038.55
0.65 3,826.80
0.45 2,327.82
0.45 2,327.82

Subtotal 21,134.98
UCSC Owrhead (26%) 18,011.17

Total Personnel costs 87,284.92

Unit Price Quantity Total
500 100 50,000
5,000
5,000
2000 4 8,000.00
50,000
Equipment total 118,000
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Trawel Description

Federal Employees (Hayes, Demer, Lindley etc) Rates
Lodgin¢ Daily rate (Stockton CA) 83
M&IE Daily rate 56

Non-Federal Employees- Funds to UCSC (overhead required)

Lodgin¢ Daily rate (Stockton CA) 83

M&IE Daily rate 56
Indirect costs on UCSC Staff (26%)

monthly rate
Federal Vehicle lease 278
rate
GSA Mileage ($0.40/mile) $0.40
Boat Ugage
Trailer maintenance
Annual Cost

#
persons Travel days
3 10 2,490.00
3 10 1,680.00
6 31 15,438.00
6 31 10,416.00
6722.04
#
vehicles # months
2 5 2,780.00
# miles
6500 $2,600.00
7,400
1,500
Total 51,026.04

256,310.96
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Project title: Testing the effects of manipulated predator densities and prey transit time on
juvenile salmonid survival at the San Joaquin and Old River Confluence.

Sean Hayes, Steve Lindley, Cyril Michel, Megan Sabal, David Demer- NOAA SWFSC

Summary:

To test the hypothesis that predation is a major factor contributing to the observed low survival
of juvenile salmonids in the south Delta, the SWFSC proposes a predator survey and removal
experiment to be done in collaboration with DWR, DFW, and USBR. The proposed study site
will be centered on the divergence of the San Joaquin River with Old River where reach specific
mortality rates of 10-40% were documented during the Vernalis Adaptive Management Program
(VAMP) studies (SJRG 2011). This location will include a 4.5 km experimental reach to be
divided into three 1.5 km sub-reaches, with the center reach being the site of experimental
removal and the adjacent reaches being used to track sink/source predator dynamics. Two more
full control reaches (length =1.5 km) will be located roughly10 km away to avoid source/sink
issues associated with the removal and surrounding “partial control’ reaches at the HOR
divergence. This study is designed to work with OMR flow manipulations, but not dependent
upon that for full results.

Experiments will be conducted to evaluate two hypotheses (which are likely interactive rather

than alternative/ mutually-exclusive):

1. Predator Density Hypothesis- The survival of juvenile salmonids passing through a reach
will increase with the removal of predators (predator removal manipulation experiment)
a.Downstream compensatory mortality effects will be measured to determine the effective

distance over which within-reach survival enhancements propagate.

2. Prey Transit Time Hypothesis- The survival of juvenile salmonids passing through a reach
will be a function of transit time and path through the reach (drifting tether experiments)

Methods:

1. Acoustic surveys with split &/or multibeam echosounders and DIDSON cameras to quantify:
fish densities/sizes (before/after removal), bathymetry, and possibly aquatic vegetation

2. Acoustic tagging/tracking of predators, Chinook smolts (and steelhead from 6yr study)

3. Predator removals- combined netting and efishing efforts to remove from 1500m reach.

4. Tether work- drift ~30 GPS tagged floats with live salmon smolts through reaches with a)
before and after manipulated densities, b) through control reaches and c) repeat at various
flow rates.

5. Predator diet analysis- genetics and/or scope ID

Predictions:

1. If predator density affects predation- this will be reflected by reduced predation of acoustically
tagged Chinook and steelhead (6-yr study), as well as reduced predation on baited drifting
tethers, compared to rates measured prior to removal efforts and in control reaches

2. If prey transit time affects predation- this will be reflected by the reduced predation on baited
tethers that move through reaches faster than those that move slower- both within and between
deployments and at different flows.

NMFS SWFSC Predation study summary
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Reach-specific influence of hydrodynamics and predation on steelhead survival

Hypotheses: Predation mortality is higher adjacent to the SWP and CVP (i.e. Grant Line Canal and Old
River) than in other freshwater reaches of the South Delta and San Joaquin River Salmonid migration
corridors.

The distibution and abundance of alternate prey is greater along Grant Line Canal and Old River than in
other freshwater sections of the South Delta salmonid migration corridor.

Reach specific survival along Grant Line Canal and Old River is not significantly affected of migration
speed.

Reach specific survival along Grant Line Canal and Old River is significantly related to alternate prey
densities in this reach.

Background and Purpose: How changes in water operations influencing stressors (i.e. inflow, export,
barriers) affect steelhead routing, predator distribution and abundance, and alternate prey distribution
is poorly understood. While route entrainment of steelhead at junctions has been evaluated in the past
and will continue to be studied as a factor in survival(6 Year Study 2011-2013), less focus has been
placed on interactive effects between species (i.e. predators, alternative prey, salmonids) and
hydrodynamics. This study would evaluate how inflow, exports, and barrier configuration influence
abundance and distribution of alternate prey and predators in habitat closely associated with the CVP
and SWP, and how these factors may impact salmonids survival close to the facilities. This information is
critical to determining the spatial and temporal scales of salmonid survival enhancement management
actions that can be taken in the South Delta associated with open habitats outside the CVP and SWP.

Recent regional investigations (VAMP 2010, 2011 studies) found higher survival through the South Delta
than the San Joaquin River Corridor, but also significantly higher predation (higher densities of shed
tags) along Grant Line canal and near the facilities than any location along the mainstem San Joaquin
River route. There is building agreement that travel time is a principal factor influencing survival
through the San Joaquin and South Delta outmigration corridors, yet the relationship between higher
survival and faster travel times appears to breakdown in open channels adjacent to the CVP and SWP.
This study aims to investigate the hypothesis that this high mortality adjacent to the facility is related to
prey densities being greater in these areas due to the increased volume of water transitting this area
around the CVP/SWP pump facilities.

Experimental Approach: This study would run concurrent with the steelhead telemetry study releases
between March and June occurring as part of the NMFS BO’s RPA IV.2.2 between 2014-2016. The 6 year
study will include fish pathology/disease testing, battery life studies, and fish condition studies to rule
out these mechanisms as sources of mortality for thes releases of steelhead. The spatially- dependent
survival estimates along the South Delta and San Joaquin River corridors made by the study will be
assumed to represent only predation mortality if these other studies do not show impacts from disease,
experimental effect, or condition. Measurements of alternate prey and predator periodicity and
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abundance will be covariates to consider as biologically relevant factors influencing survival. Other
factors will include measures of travel speed, inflow, exports, habitat, and barrier configuration.

Methods (including statistical analysis plan): The focus on this study will be to collect empirical data to
examine regional steelhead survival modeling interpretation. Measurements of a temporally relevant
(i.e. monthly) and spatially discrete (i.e. every 5km at representative habitats) index of abundance of
predators along the South Delta corridor and hydrodynamically similar segment of the San Joaquin River
corridor will provide baseline data to evaluate if predator abundance varies in time and space along
these corridors. Measurements of catch per unit volume of larval and young-of-year fishes from the
CVP/ SWP facility count records (surrogate for Grant Line Canal and Old River), Mossdale Trawl
expanded experimental trawl for these fish, and an added experimental trawl in a hydrodynamically
similar location as Grant Line Canal along the San Joaquin River Corridor will provide baseline data to
evaluate in alternate prey abundance varies with inflow, export, or barriers. This study requires
concurrent acoustic telemetry studies of steelhead (will be occurring as part of RPA IV.2.2 during 2014-
2016). Monthly releases from the 6 Year Study with acoustically-tagged steelhead will provide monthly
estimates of survival. Mobile surveys for defecated tags will provide an additional measure of mortality
associated with predators along the San Joaquin River and South Delta migration corridors.
Measurement of daily tidal flux would benefit from deployment of hydraulic instrumentation adjacent
to study sites, but considerable information may exist that would provide for modeling of this parameter
already. These measurements of tidal flux will incorporate the daily mean flow through a reach, as well
as the change in daily flow due to tidal forcing.

These reach-specific data can be used with associated travel time and reach length data to interpret
results from predator-prey interaction and regional survival models. General linear modeling will use
reach-specific results (travel time, predator density, and alternate prey density) with environmental
results (i.e. reach length, tidal flux, temperature) to evaluate predictors of reach-specific steelhead
survival independently and regionally. Results from such a temporally and spatially comparative study
are necessary to gain understanding about balancing management strategies involving hydrodynamics
and predator control for increasing steelhead survival through the South Delta.

Experimental challenges: Predator and prey densities can be measured noninvasively using similar to
that in the the NMFS Science Center’s predator study. These methods will be able to enumerate
densities of predator and prey fish targets in littoral and deep water habitats. This study would use
these methods in a location that is of management importance due to the very high predator mortality
observed there in the past two reported VAMP studies and their locations close to the CVP and SWP.

Application of Findings to Management: The temporal and spatial components of this study are
designed to evaluate the variation in species interacting in the ecology of outmigrating steelhead, and
potentially salmon. Since this study will explore steelhead mortality in reaches under different levels of
hydrodynamic influence of the CVP/SWP export facilities, it will provide results to understand how
proximity to the facility may influence predator and alternate prey periodicity and abundance. The
influence of hydrodynamics affected by exports on reach-specific number of predators and alternate
prey is essential to understanding the scale of relative stressors (predation, altered hydrodynamics) and
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the potential for fish and water management strategies to influence steelhead survival through the
South Delta.

Technology Transfer: Data would be collected starting in 2014, and results reported during the
following year through an interim annual report as part of the series of reports developed through the
South Delta Collaborative Salmonid Research Work Group. Results utilizing acoustic telemetry study
results will be discussed in the interim reports, not the acoustic telemetry study report occurring
biennially as part of NMFS BO RPA 1V.2.2. To ensure utility to agency science and management staff, a
final report will be prioritized over publication of results in the peer-reviewed literature. Once the
multiyear study is completed, a peer-reviewed publication will be developed.
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How do exports and inflows affect the survival of migrating smolts in the Delta?
Steve Lindley, 22 Feb 2013.

Hypothesis 1: Travel time alteration. In the presence of mobile predators, survival of
smolts migrating through a reach will depend on residence time within the reach. High
inflow will tend to reduce residence time in tidal reaches, increasing survival. This effect
may be augmented by increased turbidity. Increasing exports may have a more complex
effect, depending on the context of the reach and the scale of the observation. At some
scales, the velocities induced by the pumps may reduce travel time over certain reaches,
possibly enhancing survival at this scale. At the larger scale of a channel network, pump-
induced alterations in velocity fields may confuse migrating salmon or entrain them into
reaches where travel time is slower, reducing survival as exports rise.

Hypothesis 2: Water quality variability. Controlling exports and inflows to maintain low
salinities in the interior Delta may boost populations of non-native predators and prey. A
more variable hydrologic regime would favor species adapted to variable conditions (e.g.,
native fish) and suppress non-natives that require low salinity (non-native fish, invasive
aquatic vegetation). Under this hypothesis, the direction of effects of inflow and exports
would vary seasonally: high inflow and low exports would be beneficial to salmonids in
the winter and spring, while low inflow and high exports would be beneficial in the
summer. These effects on salmon are indirect; the direct effects are on other organisms.
The effect on salmon would only be seen after the effects on predator, alternative prey
and SAYV populations play out, which would probably take one to several years.
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DRAFT

1 May 2013

Research Proposal Evaluation Criteria

The following is a proposed process for screening, technical review, and
principal/management selection of south Delta studies addressing the effects of San
Joaquin River inflow and CVP and SWP exports on south Delta hydrodynamics, and the
effects of hydrodynamics on factors affecting salmonid migration behavior and survival.
The process involves several steps, including (1) a screening step to narrow the list to
those studies most likely to contribute important new information for managing south
Delta inflow/exports, and is divided into (a) a technical ranking of all research concepts
to be conducted by the Small Science Group participants, (b) review of the rankings with
the Large Group, and (c¢) a management review and selection for peer review; (2) an
external peer review of the short-listed proposals identified in Step 1; and (3) a
management-level selection process and agreement to execute one or more studies
beginning in WY2014.

The following are some suggested approaches, trigger questions, and criteria for the three
steps.

Ia. Project ranking by the Small Science Group -- The following are trigger
questions to guide the Small Science Group in ranking concept proposals. The
questions are divided into 4 categories: Relevance to Project Scope; Scientific
Merit; Logistic and Environmental Uncertainties; and Policy Flags. This initial step
is for the purpose of ranking all proposals to support management consideration and
selection of one or more proposals—or combinations of proposals—for further
development and submission for scientific peer review. No research proposals will
be eliminated at this step: all results will be presented to the management reviewers.
To assist in ranking, each question will be scored as High, Medium or Low, and
rolled up to a category score of High, Medium, or Low. The “Relevance to Project
Scope” category will be treated as a threshold issue, and a low score will
automatically lead to a low ranking. Each Small Science Group participant will
conduct individual rankings of the proposals as a first process step; participants will
then discuss their individual rankings as a group to evaluate the results of individual
scoring and identify opportunities to combine or improve proposals. Based on results
of these two steps participants will review the rankings with the Large Group and
decide whether further adjustment of the rankings would be useful for management
review and selection.

A. Relevance to Project Scope
a. Does the study address an important aspect of south Delta hydrodynamics
or salmonid survival that has implications for managing south Delta

1
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d.

inflow/export (i.e., RPA IV.2.1)? Specifically, does it reduce uncertainty
about salmonid responses to delta conditions?

Does the study directly link to key uncertainties in Driver-Linkage-
Outcomes described in the conceptual models?

Does the study provide information relevant for life-cycle, survival, or
behavioral modeling?

Can the study be implemented in Water Year 20147

B. Scientific Merit

a.

Does the concept proposal include well-articulated and testable
hypotheses?

Does the concept proposal take into account previous research and
scientific reviews, such as the 2012 Independent Review Panel review on
Long-Term Operations that included a review of the 2012 Stipulation
Study?

Does the concept proposal include proposed methods, and are the
methods appropriate for addressing the hypotheses?

Does the concept proposal include sample sizes, and are they realistically
obtainable?

Does the concept proposal include an appropriate plan for statistical
analysis of the results?

Are the results of the study likely to be of sufficient quality to be
publishable in a peer-reviewed scientific?

Does the new knowledge gained from the research and its potential
application to improving south Delta survival of salmonids justify the
cost, staff time, and any potential short-term risk to fish?

C. Logistic and Environmental Uncertainties

a.

What is the likelihood that experimental conditions can be met, and is the
likelihood dependent on ambient environmental conditions such as water
year? If the research is water year-dependent and conditions are not met,
does the research still provide valuable information?

If required, are study fish available? If so, does the study require fish
from specific hatchery and are they likely available?

Does the study require the construction or installation of physical
barriers, and if so are the structures likely to be permitted?

Do the proposed study methods require any special permits, and are they
likely obtainable considering the timing of the proposed research and lead
time?

Can the study be conducted efficiently as an extension or component of
an existing study (thus facilitating permitting and potentially minimizing
cost)?
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D. Policy Flags

a. If conducted during April-May, are study conditions expected to provide
conditions equal to or greater than the protections afforded by RPA
IV.2.1 for San Joaquin steelhead?

b. Does the research require a waiver or modification of water quality or
quantity regulations during the experimental period? If so, and if
regulatory restrictions are not relaxed or waived, does the experiment still
provide valuable information?

Ib. Management Review and Selection for Peer Review

1. Relevance for/technical contribution to BiOp remand

2. Addresses critical management/operational uncertainty, etc.

3. Small Science Group ranking

II. External Peer Review: Suggest three reviews of each screened proposal,
with reviewers selected based on the relevance of their expertise in the proposed
investigation. All proposals will be reviewed for adequacy of a statistical
analysis plan.

The following technical review format is an adaptation of the process used by the
National Institute of Health for their extramural science program

Scientific Merit and Technical Quality of the Proposed Research (60%)
Does the proposal clearly state the study goal, objectives, and hypotheses to be tested?

Does the proposal adequately explain how the study would contribute to answering the
research question?

Does the proposal present an understanding of current state of knowledge or practices
and deficiencies in current understanding of the subject?

Does the proposal address why and how the proposed methods/approaches are optimal
for achieving the scientific objectives? Is the approach feasible?

Does the proposal acknowledge potential problems and consider alternative approaches
or methods?

Does the proposal include a scientifically sound and detailed plan for statistical analysis?

Does the proposal include an appropriate plan for reporting and technology transfer?
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Proposed Research Plan (10%)

Are the research tasks organized logically?

Are study objectives achievable?

Is the schedule realistic?

Resources (15%)

Does the proposal clearly describe the availability of resources (both scientific expertise
and materials), contributed by each team member/collaborator and how this will
accomplish the research results identified in the proposal?

Is the proposed budget reasonable and appropriate?

Team Qualifications (15%)

Does the proposal clearly and succinctly describe the capabilities of the principal
investigator and key team members/collaborators?

Is the team technically competent to undertake the study?
Does the proposal explain how each team member/collaborator will be participating?

Based on team qualifications and study design, will the results be worthy of publication
in a scientific journal?

Technical Review Criteria Used for Individual Peer Reviews of Science Proposals
and Instructions to Reviewers

Instructions to reviewers:
Please provide a brief written summary of your review findings for each review criterion
listed below. Please provide an overall numerical rating of the proposal based on your
review. Use the rating definitions below to determine your overall rating. Please do not
report numerical ratings with greater than two significant figures. Please provide a brief
written justification for your overall rating.

Rating

Definition

5 —5.9 (Superior)

All aspects of the proposal are clear and
well described. All technical review
criteria are affirmatively met and there is a
high probability of success. No
substantive flaws are noted, although
sOme minor errors or omissions may be
noted.
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4 —4.9 (Good)

All aspects of the proposal are clear and
well described. A majority of the technical
review criteria are affirmatively met,
although there may be some minor
questions related to some aspects of the
proposal. Reviewers may identify one
substantive flaw, but there is a clear
resolution to that flaw. Some minor errors
or omissions also may be noted.

3 —3.9 (Average)

The proposal is sound overall, but some
deficiencies are noted. Reviewers may
identify up to two substantive critical
flaws, and at least half of the technical
review criteria are affirmatively met.

2 —2.9 (Below Average)

The proposal presents a cogent description
of the project but serious deficiencies are
noted. Reviewers may identify three or
more substantive critical flaws, and less
than half of the technical review criteria
are affirmatively met.

1 - 1.9 (Inferior)

The proposal does not present a cogent
description of the project and serious
deficiencies are noted. Reviewers may
identify three or more substantive critical
flaws, and less than half of the technical
review criteria are affirmatively met.

ITI. Management-level selection

—_—

Does the study rate “Good” or higher based on scientific peer review?

2. Do the principals agree that the study addresses a key scientific uncertainty that
has direct implications for balancing San Joaquin inflow/Delta exports?

(98]

Does the study directly link to uncertainties described in the conceptual model?

4. Can the study conditions be met, and the required permits obtained considering

the lead time?

5. If proposed as in lieu of RPA IV.2.1, is it likely to provide protection for San
Joaquin steelhead equal to or greater than RPA IV.2.1/IV.2.3 +?
6. Is the project implementable (funds, staff, water, fish protection)?

Will the results be available in time to influence operations within one calendar

year?
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DRAFT Meeting Guidelines for the
South Delta Salmonid Research Collaborative Process
January 29, 2013

The following meeting guidelines are intended to support the broad purpose of the
South Delta Salmonid Research Collaborative Process (SDSRCP): To bring together
lead researchers and agency staff to review and discuss questions related to salmon
survival and hydrologic conditions in the South Delta, to discuss conceptual theories
and need for ongoing analyses of existing data sets, development of modeling related
tools, and discuss new management-driven research needs for experimental design to
be implemented in Spring 2014. In particular, these guidelines are intended to promote
the respectful and constructive exchange of technical and scientific information and
ideas related to salmonid research in the South Delta. All SDSRCP participants are
expected to adhere to these guidelines as a condition of their participation.

Respectful interaction. SDSRCP participants will interact in ways that consistently
demonstrate respect for individuals despite differences in professional views, values, or
interests. This includes:

e Using appropriate language

Allowing speakers to finish

Foregoing personal attacks

Sharing available time

Ensuring humor is not at the expense of other participants

Focused participation. SDSRCP participants will focus presentations, comments, and
interactions with others on agenda topics and will honor requests to stay “on track.” This
commitment includes maintaining a focus on technical and scientific topics and taking
individual responsibility for keeping current.

Good faith. SDSRCP participants are expected to support the purpose for the
SDSRCP through their participation. This contribution includes listening before
evaluating and taking responsibility for the reliability of information offered for
consideration by others.

Consistent Attendance. The SCSRCP will benefit from consistent attendance at
scheduled meetings in order to meet its ambitious timeline. It is designed for thoughtful,
extended information exchange and discussion involving complex scientific and
technical topics. The process will remain open to any participant with relevant scientific
or technical expertise and information interested in participating consistent with these
guidelines.

Cell phone/Smart phone. Participants will refrain from disruptive cell/lsmart phone use
during meetings. Cell phones and other electronic communications devices will be
turned off or set to “silent” mode; important calls or messages will be addressed outside
the meeting venue.

Prepared by Kearns & West CONSULTANT WORK PRODUCT
January 29, 2013 v3
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Recording. Participants agree to refrain from audio or video recording, or the taking of
photographs, during SDSRCP meetings.

Meeting Summaries. NMFS plans to prepare written summaries of SCSRCP meetings,
and will circulate a draft summary following each meeting for input by participants.

Interaction with the Media. SDSRCP participants will not attribute views, positions, or
statements to other participants outside the SDSRCP process, including but not limited
to communications with members of the media. This limitation does not extend to
discussions about the SDSRCP process within a participant’s organization.

Prepared by Kearns & West CONSULTANT WORK PRODUCT
January 29, 2013 v3
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DESKTOP SURVIVAL STUDY
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Collaborative Hypothesis Testing Based on Analysis of
Existing Remote Sensing Fish Migration and Survival Studies in
the Sacramento — San Joaquin Delta

Prepared by:

South Delta Collaborative Data Analysis Team
September 18, 2013

Introduction

Over the past 15 years more than two dozen remote sensing (e.g., acoustic and radio tagging)
experimental studies on fish migration have been conducted in the Sacramento River, San
Joaquin River, many upstream tributaries, and within the Delta. There have also been a
number of coded wire tag (CWT) mark-recapture studies conducted in the rivers and Delta
that provide additional results that can be used to further identify and test various hypotheses
in conjunction with results of acoustic and radio tag studies. These studies include, but are
not limited to, studies in the north Delta at the Delta Cross Channel and other channel
junctions (Perry et al. 2010), releases near Red Bluff (McFarland et al. 2009, Michel 2010,
Hayes pers com.), Georgiana Slough non-physical barrier investigations (DWR 2012, 2013,
Perry et al. 2012), and the north, central, and south Delta (e.g., Vogel 2002, 2004). In
addition, acoustic tag studies have recently been conducted as part of the U.S. Army Corps of
Engineers levee bank evaluations, the Sacramento Municipal Sewage Treatment plant outfall
evaluation, Freeport Regional Water Project intake evaluation, and others. Studies have also
been conducted in the south Delta as part of the Vernalis Adaptive Management Program
(VAMP) (SJRGA 2013, Buchanan et al. 2013, Vogel 2010, 2011), Head of Old River
investigations (Bowen and Bark 2012, Bowen et al. 2012, DWR 2013), and others. The East
Bay Municipal Utilities District (Setka pers. Com.) has conducted remote sensing studies for
juvenile salmonids on the Mokelumne River. These and other studies have generated
hundreds of millions of individual tag detections and present a wealth of information that can
be used for further testing and evaluation of alternative hypotheses, as well as providing
guidance on the development of the experimental design and analysis of future remote-
sensing experimental studies. Advantages of the data re-analysis include maximizing the use
and value of prior studies, no requirements for permits or regulatory approvals, no equipment
purchases, tagging, field deployment and logistic support for field data collection efforts,
collaborative interdisciplinary approach to establishing a robust data management framework
and technical foundation for future experimental studies and the identification of potential
management actions designed to improve the survival of juvenile salmonids during migration
through the lower rivers and Delta. Additionally, some fish telemetry studies in the Delta
have been conducted, but the data have not yet been analyzed.

1|Page
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Many of these studies were originally designed to test specific hypotheses and issues, such as
the experimental evaluation of guidance performance of a non-physical barrier located in the
Sacramento River and Georgiana Slough, but also provide information that can be used to
test additional hypotheses. Results of many of the remote-sensing studies can be integrated
with additional information currently available on environmental covariates such as water
velocities, turbidity or light levels, water temperature conditions, or other factors that were
not originally included in the basic experimental design, that can be used in an integrated
interdisciplinary fashion to further evaluate the effects of various environmental and
biological factors on results of remote-sensing studies. In addition, opportunities exist to
integrate results among a variety of experimental studies to expand the geographic area,
sample sizes, and range of environmental variation that allows more robust hypothesis testing
than can be conducted with individual study results alone. The synthesis of findings across a
variety of interdisciplinary studies provides an opportunity to test and evaluate various
hypotheses and to strengthen the overall analytical framework available for evaluating the
response of juvenile Chinook salmon, steelhead, and other fish species to conditions that
occur within the Sacramento and San Joaquin River systems and Delta in response to factors
such as seasonal variation in river flows, export operations from the State Water Project
(SWP) and Central Valley Project (CVP) on hydrodynamic conditions occurring within the
central and southern regions of the Delta (e.g., Old and Middle River (OMR) reverse flow
magnitude, QWest, tides, or other hydrodynamic and water quality conditions) and the
interaction between hydrologic conditions occurring at channel junctions on route selection,
reach-specific survival as a function of various environmental conditions, overall survival of
juvenile salmonids migrating through the Bay-Delta estuary, and the identification of
potential management actions that could be used to improve the level of survival and the
contribution of juvenile production to adult population abundance.

In addition, opportunities exist within the existing data sets to further evaluate the effects of
factors such as release location, size and origin of experimental animals, tagging techniques
and individual tagger effects, variation in detection array deployment and operations, tag
detection efficiencies as a function of tag size, channel configurations, and detection array
deployment, as well as other experimental factors that influence the overall experimental
design for future remote monitoring studies. Analysis of the wealth of information currently
available from these prior remote-sensing field studies also provides a foundation for
developing improved algorithms for detecting predation on tagged fish, the potential for
automated tag processing and analysis, and the ability to improve and refine the overall
experimental design (i.e., better definition of variation in migration rates and route-specific
survival rates that influence sample size and subsequent power of field experiments) of future
studies. The synthesis of information across these various interdisciplinary studies will
provide a stronger and more robust framework for developing the experimental design,
identifying testable hypotheses, improving analytical procedures, and identifying existing
information that can be used to address specific hypotheses and further advance the scientific
understanding of factors affecting migration rates, fish behavior, route selection, seasonal
variation in predation, and reach specific and overall survival rates of juvenile salmonids
migrating from the Sacramento and San Joaquin River systems through the Bay-Delta
estuary. Results of this investigation will be used to improve the experimental design of
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future juvenile salmonid survival studies, identification of management actions, as well as the
design of monitoring programs to evaluate the effectiveness of future management actions.
This will also serve as a proof of concept for the application of “Big Data” analytical tools in
fisheries management. A database management platform (Palantir described below) has been
identified for use in the data re-analysis to organize and access specific data from various
sources for use in the analysis as well as developing a multiparameter documented database
of studies compiled as part of this project that would be available to other investigators and
interested parties for further analysis and as a framework for compiling data from ongoing
and future studies.

Background/Purpose

Radio- and acoustic fish tagging studies have been designed and implemented over the past
15 years as part of studies conducted in the Sacramento and San Joaquin Rivers and Delta by
a variety of investigators including the US Bureau of Reclamation (USBR), California
Department of Water Resources (DWR), California Department of Fish and Wildlife
(CDFW), US Fish and Wildlife Service (USFWS), University of California, Davis (UCD),
US Army Corps of Engineers, (ACOE), National Marine Fisheries Service (NMFS), San
Joaquin River Group Authority (SJRGA), Sacramento Municipal Waste Water Treatment
Plant, US Geological Survey (USGS), East Bay Municipal Utilities District (EBMUD), and
others. Additional studies are currently being designed and implemented. Results of these
studies, however, have not been systematically analyzed to test many of the hypotheses that
exist regarding the movement and survival functions for juvenile Chinook salmon and
steelhead during their emigration through the tributary rivers and Delta. Further, results of
many of these studies have not been integrated with other available environmental data and
data from other studies in an attempt to identify relationships and correlations not discernible
in the data from individual studies alone. In addition, these existing data sets can be used to
test the effects of various experimental design elements that can then be used to inform the
design and implementation of fish migration and survival studies in the future. For example,
results of past studies can be used to assess the sample size and statistical power of future
experimental investigations and alternative release strategies, as well as to identify key
environmental covariates for inclusion in subsequent investigations. Re-analysis of existing
study results is an efficient and cost-effective method to assess many of these factors and to
develop a more robust experimental and analytical framework for the design and analysis of
subsequent studies.

The data re-analysis would be done collaboratively with the original investigators, using a
recently developed “Big Data” analytical platform that facilitates easy integration of
disparate data sets, a fast collaborative workflow across multiple investigators, and
knowledge management through the explicit digital capture of original data, assumptions,
and analyses. The integration and analysis of results from multiple studies would also serve
to increase sample sizes and statistical power of the analyses.
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Analytical Approach

The approach to the data re-analysis would include a compilation of acoustic- and radio-tag
studies conducted in the Bay-Delta. For each previous study an assessment would be made
of the instrumentation and receiver deployment related to the potential use of various data
sets to address specific hypotheses (some data sets may be useful for assessing reach-specific
survival while others may be useful of examining fish migration characteristics, others may
be determined to not be appropriate for inclusion in the analyses, etc.). The study objectives,
methods, and results of analyses of each of the original studies would be reviewed and
critiqued for use in this analysis, and stored for easy reference in the analytical platform.
Based on the receiver arrays and release locations, specific reaches would be selected for
inclusion in the analysis. Data from the original receiver detections, in addition to data from
other sources on river flows, tidal hydrodynamics (including simulation model results), water
temperature, turbidity, and habitat conditions would also be compiled.

This re-analysis would begin with collaborative data exploration that would allow all
investigators to evaluate and analyze their data alongside the results of other acoustic- and
radio-tag studies, as well as the array of related environmental data that could be related to
survival. This initial data exploration will allow investigators to identify and focus on the
most important areas of correlation, and the resulting data sets describing these important
relationships would then be analyzed statistically using univariate and multivariate
techniques to address specific hypotheses. Dr. Manly and other scientists on the assessment
team will assist in identifying appropriate statistical tests, validating underlying assumptions,
and interpreting the significance and applicability of test results.

Based on the scope of individual remote-sensing studies and the available data, a data
management plan will be developed that identifies data from various studies that will be used
to analyze and evaluate specific hypotheses and elements of the experimental design. The
data analysis plan will also identify other sources of data, such as data on channel velocities
developed by USGS, turbidity monitoring, results of water temperature monitoring, data on
river channel flows, water quality monitoring results for electrical conductivity and other
constituents, information on channel configuration and bathymetry, information on
submerged aquatic vegetation (SAV), SWP and CVP export rates, and other relevant
information that will be used in combination with results of the remote-sensing studies as
part of the overall integrated multidisciplinary data analysis framework. The source and
resolution of each of the individual data sets will be evaluated to determine opportunities and
constraints for integrating information among various studies and data sources. Information
on time scales, data resolution, and other parameters applicable to the use of individual or
multiple data sets to test specific hypotheses will be evaluated within the framework of
statistical hypothesis testing. The data analysis plan will include consideration of descriptive
statistics, classical statistical analysis, the use of general linear modeling (GLM), application
of reach-specific modeling techniques, as well as the potential application of hydrodynamic
and water quality simulation modeling as part of the overall analysis of individual data sets
and hypotheses. The proposed data analysis team includes interdisciplinary expertise in the
analysis and interpretation of remote-sensing data sets, hydrodynamics and water quality
conditions within the lower rivers and Delta, statistical and analytical approaches, and the
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application of various alternative data analysis techniques that may be applicable to inclusion
in the data analysis plan. The data analysis plan will serve as the overall framework and
guidance for directing and prioritizing subsequent analyses, documentation of data sets and
analytical methods, as well as identifying key findings resulting from each of the individual
analyses as well as additional hypotheses that can be tested using one or more of the data sets
compiled as part of this project.

Objectives

The objectives of the re-analysis of existing data from remote-sensing experimental
investigations conducted within the Bay-Delta estuary include two fundamental elements.
The first element is hypothesis testing in which a variety of hypotheses have been identified
that can be tested and evaluated utilizing one or more of the existing experimental study data
sets and the integration of both biotic and abiotic covariates as part of the hypothesis testing
approach. The second major element is a synthesis of information and findings from both the
hypothesis testing as well as review of technical documentation on prior studies (e.g., meta-
analyses), discussions with principal investigators, and the identification and synthesis of
information across studies that serves as a basis for further refining the technical foundation
for the experimental design, implementation, and analysis of future remote-sensing studies.
The hypothesis testing and refined experimental design elements of the proposed project are
briefly identified and discussed below.

Hypothesis Testing

The conceptual model of juvenile salmonid survival in the south Delta (Figure 1) identifies a
number of null hypotheses regarding the drivers-linkages-outcomes that can be tested
statistically using data collected as part of past and current radio- and acoustic-tag
experimental investigations. The highest priority hypotheses to be evaluated in the data re-
analysis focus on the effects, if any, of river and tidal flows, SWP and CVP export rates,
OMR reverse flow, on migration rate, route selection, and survival include, but are not
limited to:

Ho:  Juvenile salmonid survival through specific reaches (reach-specific survival) in the
lower Sacramento and San Joaquin rivers and Delta and throughout the region
(survival to Chipps Island) is independent of river and tidal flows, OMR reverse flow,
SWP and CVP export rates, and/or the duration that a juvenile salmonid resides in the
Delta during emigration.

Ho:  Juvenile salmonid survival is independent of route selection and route length.

Ho:  Route selection is independent of river and tidal flows, SWP and CVP export rates,
OMR reverse flow, within the reach and at channel junctions.

Ho:  Survival, migration rate, and route selection are not significantly different between
juvenile steelhead and Chinook salmon.

Ho:  The rate of juvenile salmonid emigration through a reach is independent of river and
tidal flows, SWP and CVP export rates, OMR reverse flow, and tidal flow during the
period that a fish is migrating through the reach.
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Second priority hypotheses to be evaluated, and in some cases results of previous analyses
replicated and validated, based on available data and schedule, that will help in evaluating
and refining guidance for future studies include but are not limited to:

Ho:  Route selection is independent of proportional flow splits.

Ho:  Survival is uniform among all reaches (riverine and tidal).

Ho:  Migration rates are uniform among all reaches (riverine and tidal).

Ho:  Survival rate, behavioral response to channel junctions and route selection are
independent of release location.

Ho:  Migration rates and migration timing are independent of day and night.

Ho:  The duration of residence of a juvenile salmonid within a reach is independent of
river and tidal flows, SWP and CVP export rates, OMR reverse flow.

Ho:  Juvenile salmonid survival within a reach is independent of habitat conditions
including SAV (note that information is available on SAV in many Delta channels
from aerial photographs and remote sensing but may not be available for specific
years or seasons when acoustic or radio tag studies were conducted. In addition, the
response of tagged fish to habitat complexity on a site-specific scale and specific
habitat features cannot be assessed with existing data, however, general habitat
characteristics such as average channel width, average depth, presence of riprap,
presence of SAV, and other metrics will be compiled and used as covariates in the

analyses.

Ho:  Juvenile salmonid survival is independent of water clarity and turbidity within a
reach.

Ho:  Juvenile salmonid survival within a reach is independent of average water
temperatures.

Ho:  Juvenile salmonid survival is independent of fish length, age, hatchery source,
tagging, transport, and release locations and strategies.

Refined Experimental Design Elements

Over the past 15 years a number of remote-sensing and studies have been designed,
implemented, and analyzed utilizing both juvenile salmonids, as well as tagging potential
predatory species. Through development of these prior experimental studies information has
been gained on a variety of elements of the experimental design that can be used to further
develop a robust technical foundation for future study efforts. Information from these prior
studies will be reviewed and evaluated to serve as a framework for identifying areas of
refinement in future experimental designs. In addition, information from prior remote-
sensing studies, evaluated in context with information from other monitoring programs such
as those on water velocities, river flows, channel junctions morphology, water quality
conditions, and other factors, will also be used in helping to refine guidance for the design,
implementation, and analysis of future remote-sensing studies. Some of the areas that will be
specifically examined for use in refining future experiments are briefly described below.
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Environmental Variation — one of the complexities in conducting field experimental
evaluations within the Delta and tributary rivers includes variation in a variety of
environmental parameters associated with both natural variation (e.g., seasonal and daily
variation in water temperatures, hydrology, etc.) and operational variation (e.g., variation in
gate operations, export rates, etc.). These parameters may include variation in river flows,
tidal conditions, turbidity, seasonal and daily variation in water temperature and salinity,
variation in SWP and CVP export rates and associated variation in OMR reverse flows, and
other factors. The degree of variation within key parameters used in the analysis has a direct
influence on the power of the resulting analyses to detect meaningful relationships between
specific environmental parameters and the response of tagged salmonids and other fish. In
some investigations, the degree of variation in specific environmental parameters such as San
Joaquin River flow and SWP and CVP export rates as part of the VAMP studies have been
regulated to provide relatively uniform conditions over the duration of the test. In other
studies, such as the Six-year steelhead survival studies, no control over parameters such as
San Joaquin River flow or SWP/CVP export rates has been exercised. Operational variation
in factors such as reservoir releases and resulting instream flows, gate operations, OMR
reverse flows, and export rates can be reduced and managed with varying degrees of success
if included as part of the experimental design and coordination with operations managers
while natural variation is largely uncontrolled. Analyses of results from various
investigations will be reviewed to assess the role of environmental variation in the power of
the experimental design for detecting relationships between environmental conditions and
associated responses of target fish species, as well as recommendations for the approach to
addressing environmental variation in subsequent studies.

Environmental Monitoring — environmental monitoring associated with a number of
remote-sensing experimental studies conducted in the Delta have relied on existing routine
monitoring for parameters such as flow as reflected by USGS and DWR gauging station
records, water temperature, electrical conductivity, and turbidity as measured by grab
samples associated with specific individual fishery collection activities, and in some cases,
such as the Georgiana Slough non-physical barrier and Delta Cross Channel investigations,
detailed continuous monitoring of localized water velocities through the use of
instrumentation such as acoustic Doppler profilers. Past studies will be reviewed to
determine whether or not more detailed environmental monitoring associated with specific
experimental tests would have contributed to improved data analysis and interpretation of
results.

Application of Hydrodynamic and Water Quality Simulation Models — results of
hydrodynamic and water quality simulation modeling has been used to predict time-specific
environmental conditions at given locations. Results of comparisons between simulated
environmental conditions and observed conditions at specific locations will be conducted to
assess the applicability, opportunities, and constraints associated with applying model
simulations for predicting environmental covariates.

Release Locations — there has been considerable debate regarding the effect of release
location on the resulting behavior and survival of juvenile salmonids within the Bay-Delta

7|Page



Case 1:09-cv-01053-LJO-BAM Document 747-2 Fi d%/18/1§ Eage 129 of 194
eview Draft: ubject to Revision

estuary. In some studies, release locations have been established in relatively close proximity
to the measurement locations of interest, while in other studies release locations have been
tens or in some cases more than 100 miles upstream of the Delta. It has been hypothesized
that locating release locations further upstream offers a longer opportunity for fish to
acclimate to ambient conditions within the river system, reduce the potential effects of
handling and tagging stress, and improve the response of fish to predators and other
environmental conditions. In contrast, predation mortality has been observed to be a major
factor affecting the survival and abundance of tagged fish migrating downstream within the
tributary rivers and Delta. Locating release locations further upstream may contribute to
greater predation losses and subsequently reduced sample sizes and reduced statistical power
of remote-sensing experiments. Analyses will be performed to assess the potential
relationship between alternative recent release locations and the subsequent response of
tagged fish to treatment conditions.

Sample Size/Power Analysis — there exists a strong relationship between the number of
tagged fish included in an experimental treatment, variation in the survival or migration
response of the fish, and the statistical power of the resulting analyses to detect statistically
significant changes in the behavioral response or survival of the tagged fish. In general, a
larger sample size of tagged fish will produce greater statistical power for an experimental
design to detect significant differences between treatment and control conditions. Increasing
sample size, however, results in a substantial increase in both the logistic requirements for
tagging and release as well as the cost associated with remote-sensing studies. Analyses will
be performed for various types of experimental designs to utilize existing information in
estimating the relationship between sample size and associated statistical power for various
types of experimental designs and release locations.

Predator Tagging — a number of remote-sensing studies have included, as an experimental
element, tagging and monitoring predatory fish (e.g., Vogel 2011, 2012). Tagged predators
typically include striped bass, largemouth bass, pikeminnow, and catfish. Results of these
studies will be reviewed to assess the information gained through predator tagging in
understanding the role of predation as a factor influencing the survival of tagged fish such as
juvenile salmonids. Information will also be assessed regarding the behavioral patterns of
predatory fish and how information from these studies can be used in better defining
predation events that may otherwise bias results of remote-sensing experimental studies.
Predatory fish are known to prey on tagged salmonids and other fish, however under current
conditions, there is no ability to specifically determine when a predation event has occurred.
The current inability to determine whether or not a predation event has occurred represents a
major source of potential uncertainty and bias in the interpretation and analysis of prior
remote-sensing experimental study results.

Predator Filters — in an effort to improve the analysis and interpretation of results of
remote-sensing experimental studies information on the behavior of predatory fish and how
migration patterns change once a juvenile salmonid or other tagged fish has been preyed
upon has been used in an effort to reduce the uncertainty associated with predation (Vogel
2009, 2010, Bowen and Bark 2012, Buchanan et al. 2013). These predation filters, or rules
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for determining when an individual tag should remain in the database identified as a target
fish species versus identified within the analysis as a target fish preyed upon by a predatory
fish, will be reviewed and evaluated. In addition, preliminary results of experimental
investigations using alternative tag technologies designed to better identify predation events
will also be considered as part of the assessment.

Remote-Sensing Tags/Application of Alternative Technologies — there are currently a
number of alternative remote-sensing technologies that have been applied under various
experimental conditions to studies within the Delta and upstream tributaries. These
alternative technologies include various configurations of acoustic tags, radio tags, and the
application of passive integrated transponder (PIT) tag technologies. Each of these alternative
technologies has strengths and weaknesses. In addition, some vendors claim to have recently
developed tags that can detect predation events. The assessment will include consideration
of the application of various technologies as part of the experimental design for prior studies
with recommendations for consideration of alternative tag technologies for future studies.

Tagging Method/Tagger Effects — remote-sensing tags require handling and, in most cases,
surgical implantation of tags into the body cavity of the target fish species. These tagging
techniques are stressful and invasive and may contribute to changes in fish behavior, ability
to avoid predation, and other areas of uncertainty regarding the interpretation of remote-
sensing tag results. In addition, individuals engaged in tagging fish have various levels of
training and expertise that can influence the resulting survival or migration patterns for
individual fish based on their tagging history. Information on the proposed standard
operating procedures for conducting acoustic tagging developed by USGS (Liedtke et al.
2012) as well as monitoring the results for individual taggers and determining the effects of
individual taggers on survival or migration behavior results will be considered as part of the
evaluation. Since remote-sensing tags are individually identifiable, typical standard methods
include the identification of individual taggers responsible for tagging individual fish.
Variation in the results of survival estimates for groups of fish that were tagged by various
individuals will be analyzed to determine whether or not there are statistically identifiable
variations in survival or migration rates associated with the individuals engaged in fish
handling and tagging. Results of the assessment will be used in recommending approaches to
standardizing tagging methods, as well as analyses to determine whether or not tagger effects
are a source of variation in the results of experimental studies.

Hatchery Surrogates — the vast majority of juvenile salmonids that have been used in
remote-sensing experimental studies have been of hatchery origin. In many cases as a result
of the size of acoustic tags late fall-run Chinook salmon, typically produced in the Coleman
National Fish Hatchery, have been used for many experimental studies. Yearling steelhead
produced in hatcheries have also been used frequently as part of survival studies. There is
growing debate, however, regarding the applicability of hatchery-produced juvenile
salmonids as representative surrogates for various species and lifestages of wild salmonids
naturally produced within the Sacramento-San Joaquin system. Emerging studies are
currently being conducted to provide information on the comparative relationship between
migration behavior and survival for hatchery and in-river produced salmonids.
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For example, NMFS initiated as study in 2013 that, in part, is designed to obtain comparative
results of fish behavior and survival for wild and hatchery-produced juvenile salmonids
(Hayes pers. Com.). Information available will be compiled and used as part of a preliminary
assessment of the potential applicability of hatchery-produced salmonids as an appropriate
surrogate for assessing the effects of various environmental conditions on the survival and
migration of wild fish.

Fish Characteristics — variation in results of radio or acoustic tag studies may result from
variation in the source of test fish, physiological state, age and size, fish handling, tagging,
and release, and other factors. As part of the re-analysis of existing data opportunities will be
identified that allow statistical tests and comparisons of factors such as migration rate and
survival for test fish of various origins. Tests will be conducted based on available data of
the independence of sources of test fish, independence among brood years and age, size, and
physiological status of test fish, date and timing of release, tagger effects, and other factors
that may affect test results.

Survival Models — a number of analytical approaches have been developed for quantifying
reach-specific as well as overall survival of juvenile salmonids and other fish migrating
downstream through the tributary rivers and Sacramento-San Joaquin Delta. Models have
also been developed for quantitatively assessing route-specific migration behaviors and the
associated confidence intervals for both reach-specific survival estimates as well as migration
route selection. The available analytical models will be evaluated and compared as part of the
assessment. The application of various modeling techniques for use in assessing survival
estimates for various regions and specific reaches of the system, as well as the statistical
relationship between survival or migration behavior and various environmental covariates
through use of multiple regression models or the application of GLM modeling techniques
will also be assessed. Recommendations will be developed for the application of specific
analytical techniques associated with various hypotheses and experimental objectives.

Detection Arrays — a variety of remote-sensing detection array configurations have been
used in Bay-Delta studies including one-dimensional, two-dimensional, and three-
dimensional monitoring arrays, in addition to the application of dual detectors at specific
locations to enhance the probability of detection of tagged fish migrating through a given
reach or area of the experimental system. The potential application and information
developed using alternative detection array deployment methods will be reviewed and
assessed to support recommendations for the application of various techniques for improving
detection probability and the resulting estimates of reach-specific survival or migration
pathway selection, as well as reducing confidence intervals associated with tag detection
probabilities.

Tag Life/Tag Size — manufacturers of remote-sensing technologies have utilized a variety of
techniques over the past decade to reduce the size of remote-sensing tags, improve battery
life and efficiency, and reduce the effects tag size as a factor influencing the overall health
and condition of tagged fish. Consideration will be given as part of the assessment to
evaluating the relationship between tag size, the distance and probability of tag detection, the
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duration of active tag life, how tag life studies can be used as an integral element of
improving the overall experimental design and analysis of remote-sensing studies, and how
tag life uncertainty is a factor affecting results of experimental studies. The analysis will
include a discussion of the potential opportunities and constraints for the application of
various tag sizes and technologies as they relate to the fundamental experimental design and
objectives of remote-sensing studies.

Test Monitoring Duration — the assessment will include consideration of the potential
duration for various types of experimental designs based on factors such as the location of
release relative to the treatment or control locations, the effects of flow on migration and
residency of tagged fish within a given area, the effects of seasonal water temperature and
tidal conditions, and other factors that influence the planned duration for testing and
monitoring following the release of tagged fish. The assessment will include analyses of the
duration of passage for juvenile salmonids within various regions of the Bay-Delta estuary as
a function of the distance upstream where the release occurs, the size of fish, the seasonal
timing of releases, and other factors.

Replication — there is a need to develop improved statistical power and reliability of analyses
of remote-sensing studies through replication of treatment effects. It is difficult to achieve
statistical replication in field experiments as a result of variation in other factors such as
seasonal water temperatures, river flows, variation and fish size, and other parameters.
Consideration will be given as part of the assessment to evaluating the approach and resulting
power developed through replicated experimental designs as part of remote-sensing studies.
In addition consideration will be given to including a wide range of treatment effects (e.g.,
testing extreme conditions) as an experimental approach for improving the ability of remote-
sensing experimental designs in detecting significant responses of tagged fish to
environmental treatment effects.

Linkages to Mechanisms and Functional Relationships Included in Lifecycle Population
Models — the development of survival models, models of fish migration, and overall lifecycle
models for salmonids and other fish species is an important analytical tool for improving the
overall understanding of the effects of various environmental factors on fish behavior and
survival, as well as assessing the potential effectiveness of various alternative management
actions for improving protection and enhancing habitat and other conditions for target fish
species. Linkages between the results of remote-sensing studies and the refinement of
experimental designs to provide information useful in developing functional relationships
and mechanisms that can be included in survival, migration, and lifecycle models will be
assessed as part of the overall foundation for developing future experimental designs.

Opportunities to Develop Automated Data Processing Algorithms and Functions that
Expedite and Streamline Data Processing — remote-sensing studies generate a tremendous
amount of information over a relatively short period of time. The large volumes of data
generated by remote-sensing experimental designs have, in the past, resulted in substantial
delays in the time required for data processing and analysis of results from individual tests.
Opportunities exist through the analysis of prior remote-sensing studies to identify
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opportunities for employing specific computerized algorithms, analytical frameworks, and
other procedures that would help facilitate improved and accelerated data processing and
analysis of remote-sensing results. The assessment will include consideration of
opportunities to employ computerized algorithms and other processes, in a large-scale
database format, to facilitate and expedite data processing and analysis as part of future
studies.

Detection of Upstream Migration by Juvenile Fish Following Release — the behavioral
response of juvenile salmonids following release as part of an experimental remote- sensing
investigation may include a variety of behaviors. Tagged fish may rapidly move downstream
following release, may remain in a localized area for a period of time following release, or in
some cases may actually migrate upstream away from the release location. Variation in the
behavioral response of tagged fish following release is a factor influencing the analysis of
migratory behaviors and, in some cases, may increase the uncertainty in results regarding
reach-specific migration behavior and survival estimates. The migration behavior of fish
encountering various structures, migrating differentially between day and nighttime
conditions, fish size, the time of release (day/night, different tidal stages, etc.), water
temperature at the time of release, and other factors may all influence fish behavior and the
interpretation of experimental results from remote-sensing studies. The application of mobile
monitoring to assess changes in fish distribution following release will be assessed.
Information on the occurrence of tagged fish detected at monitoring locations upstream from
the point of release for various species and size classes of fish will also be assessed as part of
the investigation. The implications of fish behavior following release will also be discussed
with respect to the duration of monitoring, the interpretation of results, and the influence of
variation in fish behavior on factors such as reach-specific survival, estimation of migration
rates as a function of various environmental conditions, and route selection.

Methods/Approach

An interdisciplinary team of fishery biologists, biostatisticians, hydrologists, modelers, and
the original investigators has been assembled to perform the analyses. The data sets
compiled for each of the selected studies discussed above would be reviewed for quality
control prior to analysis. The data sets would include information on tagging, fish species,
origin and size, release location and strategy, tag detection, and environmental covariates
linked both geographically and temporally to each of the fishery studies. All relevant
metadata associated with all of the investigations will be incorporated in the Palantir platform
as well. The data sets would include information on tagging, release, tag detection, and
covariates linked both geographically and temporally to each of the fishery studies.
Hydrology, water quality, hydrodynamic, climate, and related biology data would be
incorporated into the database platform as well. Statistical analyses would then be performed
and documented for each of the hypotheses being tested. Results of the analyses will be
documented in a draft and final technical report as well as summarized in presentations and
briefings for managers and permanently recorded for easy replication in the Palantir
platform. Scientists from the assessment team will serve as advisors to help oversee the data
selection, analyses, and critically review technical documentation as part of the project.
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Given the large number of studies, the diversity of data types and formats, and the need to
collaborate across multiple investigators whose work spanned many years, this effort will be
greatly enhanced through the use of recently available “Big Data” analytical tools. The
Palantir platform provides a web-based, user-friendly suite of spatial, temporal, and statistical
tools all linked through an advanced data integration, collaborative analysis, and knowledge
management platform. Further, NewFields has already compiled a large database of related
environmental data in the Palantir platform that would greatly accelerate this work.

Data Compilation/Transfer

Through discussions with the principal investigators involved in prior studies as well as
review of technical documentation reports and information contained in individual prior
project databases, specific data sets will be identified and compiled into the Palantir database
management platform that can subsequently be used for further analysis of individual data
sets as well as the integration and synthesis across data sets as appropriate for addressing
specific elements of the proposed project objectives. Data transfer from the original principal
investigators and supporting agencies into the compiled data management framework will be
accomplished on an individual data set basis. For each of the individual data sets, metadata
describing each of the individual data fields, units of measure, station identifications, and
other relevant information will also be documented. In addition, as part of the data transfer
and compilation process, data fields will be standardized, to the extent practicable, across
data sets to allow for easier integration of data sets among a variety of studies as well as
synchronization of data sets, based on date and time stamps, GPS locations, and other
relevant information, that will facilitate the integration of information from remote-sensing
studies and other environmental monitoring programs conducted within the lower rivers and
Delta. In addition, information on the specific locations of individual tag detection arrays,
monitor identifications, information on sentinel tags, tag detection calibration and validation,
and information on the source and tagging history of individual fish used in each of the
remote-sensing studies will also be documented as part of the information transfer.

Data Management Framework

As a result of the large-scale and interdisciplinary nature of data that will be compiled from
various remote-sensing studies and other data sources as part of the proposed project, a data
management structure has been identified and selected that will allow documentation of
individual datasets, facilitate data queries and the identification of appropriate data sets for
integration, provide easy access to subsets of the available database for subsequent focus
statistical analysis, and modeling. Use of the Palantir data management platform will be an
integral part of the overall success of the proposed data re-analysis program. The Palantir
database management platform has been developed and tested under the direct supervision of
Dr. Mark Tomkins.
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Data QA/QC

As part to the initial compilation and transfer of information from various remote-sensing
studies and other data sources, documentation will be maintained on quality
assurance/quality control (QA/QC) of the data sets. Descriptive statistics, as well as a variety
of graphical techniques, will be applied to various data sets and parameters to identify the
distribution of information and potential data outliers. Evidence of instrument failure, miss-
labeled data, or information that is outside of the normal range of recorded parameters will be
identified as potential data outliers and documented in the event that they are excluded from
subsequent analysis. One of the objectives of the data compilation and quality assurance
checks is to develop a single, comprehensive, multifactorial data set that can be used as a
platform for data analysis and integration among studies and for use as a framework for data
management for future investigations. To help ensure the highest possible quality of data
used in these analyses results of each of the individual data sets will be reviewed as part of
the proposed project with subsequent discussions with the appropriate principal investigator
in the event that there are questions or inconsistencies identified within or among individual
data sets.

Data Challenges

Challenges for the project include the lack of synoptic data collected on the response of
radio- and acoustic-tagged salmonids and the corresponding water temperatures, turbidity
levels, river flows and velocities, and tidal hydrodynamics needed to test one or more of the
hypotheses. Additional challenges include studies that were designed and conducted to
achieve objectives other that those to be addressed as part of this investigation, lack of data
documentation or missing data, confounding environmental covariates, and the uncertainty in
determining if, when, and where a juvenile salmonid was preyed on or lost as a result of
some other factor (e.g., entrained into an unscreened diversion). A specific set of metrics
(e.g., predation filter rules) will be used to assess the likelihood that a predation event had
occurred based on examination and analysis of data such as the Georgiana Slough and HORB
studies where predators and prey were monitored using 2- or 3-dimensional tag detection
technology.

Results

Integration of results on survival and migration of tagged fish in combinations with
interdisciplinary information on other environmental covariates, will include presentation of
descriptive statistics, the application of graphical summaries to depict various relationships,
the application of various statistical models and statistical analysis techniques, including the
development of point estimates and confidence intervals for various parameters, will be
presented as part of the results of this investigation. Results of the investigation will also
include results of various modeling techniques for survival and route selection, development
of survival estimates, migration model estimates, and the potential application of results to
lifecycle modeling will be discussed. Results of individual hypothesis tests will be presented
along with a discussion of alternative hypotheses with respect to various functions and
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potential mechanisms. For each of the results, information will be documented on the source
of data used in the analysis, analytical methods, the rationale for various approaches to data
analysis, data transformations and statistical testing of the validity of underlying
assumptions, as well as exploration of alternative approaches for data analysis and
organization of results. For many of the results, information will also be presented and
discussed regarding the implications of the resulting relationships or information developed
through these analyses as they apply to improved understanding of the life history of tagged
fish, the interactions and relationships between behavior, survival, and route selection and
various environmental covariates, the effects of potential predation on resulting estimates of
reach-specific survival and migration rates, and other information with respect to
implications for identifying and evaluating potential management actions designed to
improve and enhance conditions for Central Valley salmonids and other fish species. Areas
of uncertainty with regard to the analyses and the interpretation of results, including such
things as variation in environmental covariates or the effects of variation on sample size with
respect to the power of a given experimental design to statistically detect a treatment effect,
will be discussed.

Results of these analyses will provide a foundation for discussing various key elements to be
considered in future experimental designs as well as compromises that may occur in
developing an experimental design based on the number of replicates, the design of the
treatment effects (e.g., identifying environmental extremes for purposes of testing response
with the greatest likelihood of detecting significant differences), the effects on replication
over time as it affects the analysis of trends and confidence in resulting relationships, the
ability of hatchery produced salmonids and other fish to effectively represent, as surrogates,
the behavior, route selection, migration rates, and survival of wild salmonids, and variation
between fish sizes and life stages as a factor influencing the response of tagged fish to
environmental conditions. These and other factors will be addressed and discussed as part of
the results of this re-analysis in addition to factors affecting key elements in the experimental
design decision process for future studies. Results of this re-analysis will also include
development of a documented, large-scale, multifactorial database that will serve as an
analytical framework for organizing information and facilitating future data analysis.
Literature associated with the various studies will also be compiled in the form of an
electronic reference library that will further provide useful information to investigators as
they evaluate results of existing experimental studies and design remote-sensing studies to be
implemented in the future.

Application of Findings to Management

Managers and other interested parties will have an opportunity to assist in identifying
priorities for data analysis and hypothesis testing as part of the data re-analysis process.
Results of the re-analysis of existing data will provide managers with new insights into the
experimental design considerations of future studies (e.g., sample size and statistical power,
detection array deployment, release strategies, development of interdisciplinary studies that
include detailed water quality, habitat, and hydrodynamic measurements, etc.). The study
will also help to identify data gaps from previous investigations. Results of hypothesis
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testing will help inform development of the functional relationships (drivers-linkages-
outcomes) shown in the conceptual model as well as addressed in development of salmonid
lifecycle models. Study results will help identify specific functional relationships that affect
juvenile salmonid survival and form part of an improved technical foundation for future
study designs and potential management actions (e.g., consideration of modification of river
flow to reduce predation mortality, effects of exports and tidal conditions on route selection
and subsequent risk of mortality, etc.). Finally, conducting this work in the Palantir platform
will yield an entirely new, easily accessible knowledge base that brings together all of the
acoustic- and radio-tag data with a very large set of related data.

Assessment Team

As part of the proposed project an interdisciplinary team of scientists has been assembled as
part of the assessment team. The assessment team will provide the overall scientific
direction, assist in data management and data analysis, provide input on statistical analyses
and modeling, assist in the identification of specific recommendations regarding refinements
to the experimental design of remote-sensing studies, as well as integrating results across
various studies and data sources. The data assessment team will also provide expertise in
identifying opportunities and constraints in the application of prior study results to
developing specific recommendations and study findings, conducting statistical power
analyses and examining statistical confidence that can be placed in results of various
investigations, as well as integrating information from an interdisciplinary perspective. The
individuals included as part of the assessment team, and a brief description of their
background and contribution to the proposed project team, are briefly described below.

Chuck Hanson (Hanson Environmental, Inc.) — Dr. Hanson has participated in a number
of Bay-Delta survival studies and remote-sensing investigations including development and
implementation of Vernalis Adaptive Management Plan (VAMP), participation in the Clifton
Court Forebay steelhead predation investigations, participation in the Georgiana Slough non-
physical barrier acoustic tag monitoring programs, participation in the design of experimental
investigations to determine baseline survival of juvenile salmonids migrating from both the
Sacramento and San Joaquin river systems, and other remote-sensing studies. Dr. Hanson
would serve as project manager for the proposed investigation.

Barbara Byrne (National Marine Fisheries Service) — Ms. Byrne serves on the staff of the
National Marine Fisheries Service (NMFS) and will assist in the design of individual
analyses as well as the interpretation of results of this investigation as they relate to the
evaluation of various protective actions including reasonable and prudent alternatives
included in the NMFS Operations Criteria and Plan (OCAP) Biological Opinion for the CVP
and SWP. Ms. Byrne will also provide a linkage between the technical project team and
NMEFS and other resource agency managers involved in Bay-Delta restoration efforts,
management actions, and regulatory permitting.

David Delaney (Cramer Fish Sciences) — Dr. Delaney has been actively involved in leading
the data analysis and statistical modeling of results from the 2012 stipulation studies in which
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acoustically tagged juvenile steelhead were released into the lower San Joaquin River and
subsequently their migration and survival tracked and monitored at various locations within
the central and Western Delta as a function of SWP/CVP exports and OMR reverse flows.
Dr. Delaney has also been involved in the coordination of data analyses with other Delta
remote sensing projects including development of reach-specific survival estimates and
migration route selection for juvenile steelhead released into the lower San Joaquin River as
part of the USBR Six-year juvenile steelhead survival studies.

Steve Lindley (National Marine Fisheries Service) — Dr. Lindley serves as senior staff to
the NMFS Southwest Fisheries Science Center and is lead scientist for developing the NMFS
winter-run Chinook salmon lifecycle model. Dr. Lindley has also participated in the design
and direction of various remote monitoring studies including studies designed to evaluate
migration and survival of juvenile salmonids within the Sacramento River, predation and
predation management at specific locations on both the Sacramento River as well as the
lower San Joaquin River. Dr. Lindley will facilitate the identification of specific analyses and
data sets that would be applicable to refining the salmonids lifecycle model as well as
developing results of technical analyses that can be used to identify and evaluate the potential
for various alternative management actions intended to improve the protection and survival
of juvenile salmonids migrating from the Sacramento and San Joaquin rivers through the
Bay-Delta estuary.

Rebecca Buchanan (University of Washington) — Dr. Buchanan is an expert on data
analysis and modeling of results from remote-sensing studies conducted both within the Bay-
Delta estuary as well as other river systems in the Pacific Northwest. Dr. Buchanan is
currently leading efforts to analyze reach-specific survival rates and migration route selection
from acoustic tagging studies conducted within both the Sacramento and San Joaquin rivers
including the VAMP studies and USBR Six-year steelhead survival studies. Dr. Buchanan
will contribute to the identification of specific analytical techniques, modeling framework
and approaches for determining reach-specific and overall survival rates, route selection and
migration rate evaluations, as well as the overall integration of information among various
studies as part of this investigation.

Bryan Manly (West, Inc.) — Dr. Manly has been actively involved in conducting a variety of
statistical analyses of data collected on survival, population dynamics, and the relationship
between the response of various fish species and environmental conditions within the Bay
Delta estuary. Dr. Manly will provide assistance in developing appropriate statistical testing
techniques, validation of statistical assumptions, assistance in the interpretation of results of
statistical analyses, and the identification of various data sets appropriate for integration and
analysis as part of this investigation.

Dave Vogel (Natural Resource Scientists, Inc.) — Mr. Vogel has been involved in the
design and implementation of both radio tagging and acoustic tagging studies conducted in
the Sacramento River system as part of the evaluations of the Red Bluff Diversion Dam, fish
migration in the Delta Cross Channel, Georgiana Slough, Mokelumne River, the north,
central, and south Delta, in addition to juvenile survival studies conducted in the lower San
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Joaquin River and south Delta as part of VAMP. He has served as a Principal Investigator for
22 fish telemetry studies in the Delta. Mr. Vogel will provide assistance in identifying
various appropriate data sources and remote monitoring studies, development of appropriate
hypothesis testing, analysis of juvenile salmonid and predator behavior, and will contribute to
developing results, findings, and recommendations from these analyses as they pertain to
both hypothesis testing and refining the technical and scientific foundation for subsequent
experimental design considerations for future remote monitoring studies within the rivers and
Delta.

Jon Bureau (U.S. Geological Survey) — Mr. Bureau has extensive knowledge in conducting
and evaluating results of hydrodynamic studies, water velocity monitoring and modeling,
water quality monitoring and modeling, as well as the integration of information on
hydrodynamic conditions and other factors affecting juvenile salmonid migration through the
Sacramento and San Joaquin rivers and Delta. Mr. Bureau has been actively involved in the
design, implementation, and analysis of results of acoustic monitoring studies as part of the
North Delta Delta Cross Channel gate investigations, the Georgiana Slough non-physical
barrier performance evaluations, and other studies conducted to monitor fish movement in
relationship to environmental conditions occurring within the tributary rivers and Delta. Mr.
Bureau will contribute to the integration of results of physical monitoring and hydrodynamic
modeling results and analyses, water quality monitoring, and information on channel
characteristics, tidal conditions, and other environmental covariates as they relate to the
analysis and interpretation of results on the behavioral response, migration route selection,
migration rate and timing, and reach-specific survival studies developed through remote
monitoring of salmonids within the Delta.

Sheila Greene (Westlands Water District) — Ms. Greene has extensive long-term
experience in data management for both survival studies as well as other biological
monitoring programs within the Bay-Delta estuary in addition to detailed experience in
integrating information on SWP and CVP export operations, results of hydrodynamic
monitoring and modeling, and water quality studies within the Bay Delta estuary. Ms. Greene
will help facilitate identifying specific data sources for inclusion as part of the
comprehensive data set, provide information and assistance in the integration of information
among various studies and data sources, assist in the interpretation and evaluation of
statistical and modeling results, and assist in the development of specific recommendations
for refinements to the experimental design for future remote monitoring studies.

Mark Tomkins (Newfields, Inc.) — Dr. Tomkins has extensive experience in management
and analysis of large-scale interdisciplinary data sets. Dr. Tomkins has initiated development
of a multifaceted large-scale database platform (Palantir) including results of various
physical monitoring data sources as well as fishery and other biological monitoring
conducted within the Sacramento and San Joaquin River systems and Delta. Dr. Tomkins
will help oversee and manage the compilation of information as part of the integrated
database, facilitate management of the database platform, and help facilitate and manage data
queries and access to various elements of the compiled database as well as oversee the
documentation of the database and QA/QC of the database.
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Matt Holland (Delta Stewardship Council/Delta Science Program) — Dr. Holland serves
as staff to the Delta Stewardship Council/Delta Science Program and will provide a linkage
among various scientific investigators and individual studies conducted within the Bay-Delta
estuary. Dr. Holland will also assist in identifying information sources, the integration of data
among various studies, and will assist in the interpretation of results of various analyses as
they relate to both scientific findings of individual analyses as well as recommendations
related to management actions within the Bay Delta estuary.

Josh Murauskas (Anchor) - Mr. Muraushas has extensive experience with the data analysis
for survival studies using CWT-tags, PIT-tags, and acoustic and radio telemetry conducted in
the Columbia River, Puget Sound and northern British Columbia. Mr. Muraushas has
extensive experience in using large datasets to address complex ecological questions. Mr.
Muraushas will assist in identifying statistical analyses, survival modeling, and the
integration of environmental covariates as part of the data re-analysis.

Melissa Bruns (Hanson Environmental, Inc.) — Ms. Bruns will assist in the compilation
and transfer of data sets from various investigators into the comprehensive data management
platform, assist in database documentation and QA/QC, assist in performing data queries,
and assist in analysis of various data sets. Ms. Bruns has extensive experience in statistical
analyses and database management and has been involved in the analysis and integration of
information from various data sources related to the Bay-Delta estuary.

Project Scope/Tasks

The project scope and an outline of project tasks involved in the compilation, analysis, and
documentation of information from prior remote-sensing studies used in developing the
proposed project are briefly outlined below.

e Identify and inventory Bay-Delta remote sensing studies
e Compile technical reports for each study;
e (Coordinate with each study PI regarding study constraints, opportunities, data
transfer, study design, etc.;
e Develop data analysis plan including:
o Hypotheses to be tested
Relevant studies
Data parameters
Environmental covariates
Data gaps
Statistical/model approach to analysis
Schedule
Level of effort
Documentation
e Compile data from multiple studies;

O O O O O O O O
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e Data QA/QC, metadata, data labels, GPS release locations and tag detectors, tagging
data, release data, associated data (e.g., tag life, tag detection, centennial tags, etc.)

e Identify data sets for each analysis;

e Conduct statistical/model analyses (ANOVA, GLM, reach-specific survival,
descriptive, etc.);

e Document hypotheses tested, data sources, analyses, results, and discussion for each

analysis;

Review results of each analysis with original PI;

Synthesize data/analyses among studies;

Document database and analytical results;

Prepare draft technical documentation report;

Independent peer review; and

Prepare final technical documentation report.

Products/Deliverables

Documentation Report - As part of the proposed project, results will be documented in a
technical documentation report that identifies the specific data sets that were used in each of
the analyses, the experimental design and analytical approach, results, discussion, and
recommendations developed from each of the individual analyses, as well as a synthesis of
information across studies for use as part of the foundation for (1) designing future remote-
sensing studies, (2) identifying potential management actions that would improve and
enhance the overall survival of juvenile salmonids and other fish species migrating and
inhabiting the Sacramento and San Joaquin River systems and Bay-Delta estuary, and (3)
identifying areas for further investigation through either additional data analysis, additional
field studies, the integration of additional information on abiotic and biotic factors needed to
analyze and evaluate specific hypotheses, mechanisms, or underlying relationships to help
further advance the scientific underpinnings of existing and future remote-sensing
investigations. In addition to the technical documentation report, results of key analyses will
be published in peer reviewed scientific journals and presented at scientific conferences.

Documented Database - In addition to development of the technical documentation report,
the proposed project will produce a documented, multifactorial database, containing the
information compiled from various investigations as well as other available data sources that
can be used as both a platform for further analytical investigations and hypothesis testing
from prior studies as well as a framework for organizing and documenting results of future
studies. The documented database will serve as a framework that can be used in the future for
incorporating additional information from subsequent remote monitoring studies as well as
supporting additional analyses in the future as part of individual studies or as part of a more
comprehensive assessment and evaluation of potential management actions. It is expected
that at completion of the study the documented database will be publically available to all
scientific researchers and other interested parties for use in further scientific analyses as well
as a framework for compiling results of ongoing and future studies.
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Reference Library - The project will also develop a compilation of technical reports and
scientific literature in the form of an electronic reference library that can then be used by
current and future investigators in readily accessing results and information from prior
studies. The electronic reference library will serve as a resource for providing additional
documentation on results and interpretation of various findings, information on the
underpinning experimental design and implementation of various studies included as part of
this project. The library will also serve as a reference source for developing and evaluating
the potential for future management actions, evaluating the performance of restoration, and
for advancing and refining the approach for conducting and evaluating results of remote-
sensing studies conducted on juvenile salmonids and other fish species within the Bay Delta
estuary.

Schedule

The proposed project has been designed to be completed within a one-year period. It the
general schedule for conducting the proposed project includes:

e Months 1-3: Identification and compilation of data sources, database QA/QC and
documentation, initial data queries, compilation of technical reports and
documentation;

e Months 4-9: Data analyses, statistical hypothesis testing, modeling, synthesis of
results and findings, development of discussion and recommendations regarding
elements of future experimental designs and data analysis procedures;

e Months 10-12: Completion of the draft technical documentation report, independent
peer review, preparation of the final database documentation, completion of the
reference library, completion of technical report revisions and final report
distribution.

Level of Effort/Budget

The anticipated level of effort and budget for the proposed compilation and re-analysis of
data from prior remote-sensing studies conducted within the Bay-Delta estuary is
summarized in Table 1. Given the number of uncertainties inherent in the details associated
with compilation, documentation, analysis, and interpretation of multiple interdisciplinary
data sets as part of the proposed project, the anticipated budget has been developed based on
an assumed level of effort associated with various individuals and tasks. As part of
conducting the proposed investigation monthly status reports and updates on the level of
effort and expenditures will be prepared and provided to the funding agencies. The level of
effort allocated among tasks and individuals may be adjusted and refined based on results of
individual analyses, the identification of additional or alternative priorities, or refinements to
the overall approach and scope of the proposed investigation. Information on the level of
effort and financial 